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On Micro-tremors. 

By 
F. Omori, Se, D., 

Member of the Imperial Earthquake Investigation Committee. 



>Vith Pis. I-III. 



IntrMuction. The non-seismic ^^bration8 of the ground called 
"pulsatory oscillations" are small slow movements with periods 
generally of about 4 or about 8 sec., possibly all over the world. 
These oscillations, which are most markedly shown at Tokyo, 
Osaka, and other places situated on an extensive plane of new 
formation, and also probably at mid-ocean islands*, have some- 
times a double amplitude of 0.5 mm or more. What I propose 
here to term micro^trcinors are those insensible movements of the 
ground, whose period is usually less than 1 sec., and whose am- 
plitude is much smaller than that of the pulsatory oscillations. In 
short, the micro-tremors are, whatever their origin may be, ex- 
tremely minute vibrations of a nature similar to that of the 
movements composing the macro-seismic, or sensible, part of the 
earthquake motion proceeding from a near centre of disturbance. 

The diagrams furnished by Omori horizontal tremor recorders 
and tromometersj, of 90 to 300 times magnifications, set up in 



* Ar shown 'by the Omori Hor. Pend. Tzomoxneter obBervntion at the meteorologicfil obser- 
vatory of Rnchijo-jima, an iftland belonging to the Foji Tolcanic chain. 

X These instmments are improved forms of those described in the PrMications, No. 18, and 
the BuMin, Vol. I, No. 4. 
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Osaka and Tokyo indicate the micro-tremors often quite distinctly. 
For the sake of clearness, however, some photographic enlarge- 
ments of the original records are reproduced in Pis. I to III. I 
give next the results of some preliminary investigations on micro- 
tremors. 

Observation at Hitotsuhashi iTokyo). The observation at 

Hitotsubashi was made with a horizontal pendulum tromometer 
of 100 times magnification. The maximum double amplitude in 
the EW component was about 0.0015 mm, the average periods' 
each deduced from 100 consecutive vibrations, being as follows : — 





Date 


(1907). 


Average Period (EW Component). 




July 


5-6 


0.80 sec. > 






t» 


99 


0.91 






19 


99 


1.01 






Oct. 


29-30 


0.84 








30-31 

99 


0.83 
0.82 


) Mean, 0.83 sec. 


• 


Nov. 


22-23 


0.77 






t« 


9» 


0.88 






9« 


28-29 


0.60 






99 


»> 


0.82 





The mean period of micro-tremors at Hitotsubashi is thus 
seen to be 0.83 sec. To compare these tremors with the quick 
vibrations actually occurring in an earthquake, I give in PI. I a 
part of the tromometer record for July 5 and 6, 1907, which was 
photographically enlarged 8 times and thus magnifies 800 times 
the movements of the ground, with a time scale of 197.4 mm for 
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1 minute. The seismic disturbance shown in the diagram consists 
of the preliminary tremor and the earlier part of the principal 
portion of the earthquake of July 6, 1907, which originated under 
the sea about 900 km to the NE of Tokyo and was felt strongly 
at the coast of Nemuro and Kushiro (Hokkaido). In Tokyo, the 
shock was slight, and the total duration about 2 hours, the time 
of occurrence being Oh 48m 07s A.M. According to PL I, the 
quick vibrations in the preliminary tremor, which lasted 90.0 sec. 
(the commencement is marked a), were as follows* : — 

Average T=0,77 sec.. Max. 2a= 0.074 mm. 

The active vibrations at the commencement (marked 6), of the 
principal portion was as follows : — 

Average r=0.88 sec. Max. 2a =0.36 mm. 

Thus the mean period of the macro- seismic movements was in 
this case about 0.83 sec, which happens to be identical with the 
average period of the micro-tremors (at Hitotsubashi) as given 
in the foregoing table. Especially, the larger and slower ones of 
these tremors, as those marked e and / (PI. I), will be seen to 
be similar in nature to the prominent vibrations occurring in the 
principal portion (6) of the earthquake. Finally, for the sake of 
reference, I may state that, according to the result of the macro- 
seismic measurement in TokyoJ, the average period at Hitotsu- 
bashi was found to be 0.77 sec, this characterizing the ordinary 
earthquake vibrations. The period of strong shocks at the same 
place is a little longer and equal to 0.9 to 1,0 sec 

Observation at Hongo iTokyo). The micro- tremors at Hon- 
go are probably somewhat smaller than those at Hitotsubashi, 

* T and 2a denoting as usual the complete period and the double amplitude, respectively. 
t The " Pablications," No. 11, p.p. 51 and 52. 
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the max. 2a in the EW component being about 0.0011 mm. PL II 
is a part of the diagram for Jan. 23, 1908, furnished by an EW 
component horizontal tremor-recorder with an original pointer 
multiplication of 300 times, enlarged photographically 8 times, 
the resultant magnification being thus equal to 2,400, with a time 
scale of 835 mm for one minute. The average periods of the 
micro-tremors each deduced from 200 consecutive vibrations, were 
as follows : — 



Date (1908). 


Average Period (EW Component). 


Jan. 20-21 
22-23 
24-25 

Mean 


0.28 sec. 
0.28 
0.28 
0.32 
0.29 aec. 



The mean value of the period of the micro- tremors was in 
these cases 0.29 sec, which is not much different from those of 
the quick vibrations and ripples occurring at Hongo in actual 
earthquakes. Thus, according to the macro-seismic measurement 
at Hongo*, we have the following results : — 

[ Average period of max. quick horizontal vibrations =0.26 sec. 
„ superposed horizontal ripples =0.20 „ 

„ max. quick vertical vibrations =0.25 „ 

Observation at Osaka. The horizontal tremor- recorder with 
a multiplication of 90 times, at the Osaka Meteorological Ob- 
servatory (Director, Mr. N. Shimono,) indicates • micro-tremors 
much more distinctly than in Tokyo, the max. 2a's in the EW 



* See the Fuhliv^tionst No. 11, p.p. 53-55. 



On Micro-tiemors. 



and NS components being each about 0.008 mm. PI. Ill is a 
part of the record for Dec. 28, 1907, enlarged photographically 
7.8 times, so that the resultant magnification is about 700 times. 
The average period of micro-tremors was as follows : — 



Date (1907). 






Average 


Period*. 






EW 


G>mponeut. 


NS 


CompoQent. 


Nov. 18-19 


0.81 1 




(100) 


0.90 1 


sec. 


(100) 


if » 


0.88 




(100) 


0.95 




(100) 


„ 21-22 


0.77 




(100) 


0.88 




(100) 


» » 


0.80 




(100) 


0.84 




(100) 


Dec. 20-21 


0.74 




(200) 


0.87 




(200) 


„ 21-22 


0.68 




(200) 


0.89 




(200) 


22-23 


0.74 




(200) 


0.84 




(200) 


Mean 


0.76 




• 


0.88 







The average period of the micro-tremors obtained by taking 
the mean from the two horizontal components is 0.82 sec. In 
this connection it is interesting to note that the ordinary seis- 
mograph observation at the same observatoiy of the vibrations 
caused by a powder explosion at a distance of 5 km in one of 
the suburbs of Osaka indicated also similar periods, as foUowsf : — 

Vertical motion Aver. ^=0.75 sec. (Max. 2a =0.40 mm) ; 

EW „ .... „ =0.83 „ ( „ =0.48 „ ); 

NS „ .... „ =0.82 „ ( „ =0.24 „ ); 

the mean value of the period of the horizontal motion being thus 



* The numbers of consecutivo vibrations, from which the nvemge period wns deduced is 
in each cnse indicnted by the figures 100 or 200, enclosed within brackets. 

t An account of the vibrations caused by the powder explosion at Fuku-mnra, near Osaka, 
is given by the present author in the Reports (Japanese) of the Imp. Earthquake Inv. Comm., 
No. 57. 
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0.82 sec. In the cases of the strong Inland Sea earthquake of 
June 2, 1905, and two of its after-shocks, the period of the 
maximum horizontal motion at Osaka was about 1.0 sec. 

Concltisian. The micro-tremors at Tokyo and Osaka seem 
to occur chiefly during the day time, and may be due to traflSc 
and other artificial causes, and also to the impact of winds against 
the ground. At any rate, however, their periods seem to bo 
nearly identical with those of the ordinary sensible, or macro - 
seismic, vibrations at the respective places of observation, just as 
the period of the pulsatory oscillations are found to be similar 
to some component movements occurring in actual earthquakes. 
It is needless to remark that both pulsatory oscillations and micro- 
tremors form interesting subjects of study, especially in connection 
with local earthquakes. 

Tokyo. Jan., 1908. 



J 



ram. Hitot< pl. l 



I 
I 

J 

A. 



Omori Tremor Recorder Diagram, sho"w 

Magnification=2,400. (Original Multiplication=300). ] 




zing Micro-Tremors. 

Pendulum Period ==4.7 see. 



Hongo (Tokyo), Jan. 23, 1908. 
EW Component. 

Slower moremente are pnlaatory oscillatioDa. 
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Omori Tremor Recorder Diagram, showinc 

Magnification=700. (Original multiplication=90). Pendi 



M icro-Tremors. 

ium PeFiod=4 sec. 



Osaka. Dec. 28, 1907. 

NS Component. 
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Note on the Tokyo Earthquake of Nov. 22, 1907. 

F. Omori, 8c. D., 

Member of the Imperial Earthquake Investigation Committee. 



With Pis. IV- VI. 



The earthquake of Nov. 22, 1907, at 2h 17m A.M., was one 
of the strongest felt in Tokyo since the semi-destructive shock 
of June 20, 1894. The disturbance, which caused no damage, 
was a local one, and the severity of motion in Tokyo was partly 
due to the proximity of the latter to the earthquake origin. The 
tota^ duration of the records furnished by the teleseismographs 
in Tokyo was only 24 min., while that in Kobe, where the shock 
was insensible, was 12 min. 

Area of disturbance. As shown in Fig. 1 (PI. IV), the 
earthquake was sensible within a land area about 75 km in 
IcKgth and 300 km in width. The area of moderate motion was 
nearly -circular, with a mean diameter of about 320 km. Again, 
the area of strong motion is a small ellipse in the NW-SFi 
direction, whose major and minor axes are respectively about 
130 and 85 km. in length. It may be remarked that the 
south-eastern half of this meizoseismal ellipse coincides with the 
alluvial plain of Musashi, where the motion is much intensified 
owing to the softness of the ground ; the centre of the ellipse 
not necessarily corresponding to the real earthquake epicentre. 
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The position of the latter seems in fact to be much eccentric and 
near the north-western end of the major axis, as considered in 
the next §. 

Ihiration of preliminary tremor and position of epi^ 

centre. The durations of the preliminary tremor observed 
instrumentally at Tokyo and 7 other stations were as given in the 
following table. 



Name of Station. 


Tjatitnde. 


Longitude. 


Duration of the 

total preliminary 

tremor. 


Calculated 

epioentral 

distance. 


(i) Tokyo. 


.'15°43' N 


139°46' E 


GUV* 

7.5 


km. 

92 




( Mito. 


36 23 


140 28 


10.0 


110 


i 


Tsiiktibn. 

1 


36 13 


140 06 


10.0 


110 


( 11 


) Mean 






10.0 
60.0 


no 


\ ** 


Miyako. 


39 38 


14159 


400 




Tshinomaki. 


38 26 


14119 


42.5 


347 


(iii 
(iV 


) Mean 






46.3 
21.8 


374 


) Nagano. 


36 40 


138 10 


197 




Kobe. 


34 41 


13511 


48.6 


391 




Osaka. 


34 42 


135 31 


50.0 


400 


(V 


) Jl/can 






49.3 


396 









The duration of the preliminary tremor has been determined 
in the usual way from the diflferent seismograms, with the excep- 
tion of those obtained in Tokyo. The phase in question for the 
latter place has been taken in regard to the vibrations of macro- 
seismic nature. 
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The figures in the last column of the above table have been 
calculated by the formula, x km=7.27 y sec. + 38, in which x and 
y are respectively the epicentral distance and the duration of the 
preliminary tremor. Drawing on the map (Fig. 1) five circles 
with radii equal to the calculated distances of (i) to (v) about 
the respective positions as centres, we see that four of these meet 
near one another in the southern part of the province of Kotsuke. 
The probable position of the epicentre, indicated in the figure by 
a small cross ( x ), is situated in the northern part of the province 
of Musashi, namely, at about latitude 36° J N, and longitude ISO""! 
E, at a distance of about 55 km to the north-west of Tokyo. 

Observation in Tokyo. Time of Occurrence = 2h 17m 

35s A.M. 

Initial slow displacement The seismograms furnished by the 
long-period horizontal pendulum instruments in Tokyo, three of 
which are reproduced in PI. VI, are interesting in showing ap- 
parently no preliminary tremor, but beginning at once witli a 
large slow vibration of period of about 7.5 sec, followed by a 
number of the proper pendulum oscillations. The initial displace- 
ments in the EW and NS directions, meaned from the different 
diagrams, are as follows : — 

I Motion toward East = 3.3 mm. 
„ North = 3.2 „ 
Resultant displacement = 4.6 mm ; Direction, N 46*^ E. 

Thus it will be observed that the direction of the initial (slow) 
motion was in this ease approximately perpendicular to the line 
joining Tokyo with the earthquake origin, the vibration probably 
belonging to the category of the transverse wave*. A circumstance, 



* See also nn ocooiint of the earthqimke of Jan. 21, 1906, which originAted off the Booth- 
eastem ooost of the Main Islanct The Bulletin, Vol. I, p. 145. 
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which gives support to this latter supposition, is that the horizontal 
pendulum diagrams obtained at the other stations, whose epicentral 
distances were greater than that of Toky.o, showed no distinct 
slow vibration at the commencement, the preliminary tremor being 
generally well marked, due possibly to the slower transit rate and 
the consequent retardation of the transverse wave. The total 
duration of the earthquake motion in Tokyo was 24 min. 

The results of studies on tlie nature of the vibrations occurring 
at the commencement of an earthquake, observed near the origin 
of disturbance, will be published in the Bulletin from time to 
time, a general discussion on this subject being reserved for a 
future occasion. 

Mdcroseismograph record obtained at Hitotsubashi 
(Tokyo). Fig. 2 (PI. V) gives the preliminary tremor and the 
earlier and most active part of the principal portion of the earth- 
quake motion as recorded by an ordinary Gray-Ewing-Milne type 
seismograph, which magnifies the EW, NS, and vertical com- 
ponents 3, 4, and 2 times respectively. It will be observed that 
in this macro-seismograra, which does not show the slow vibra- 
tions existing in the earthquake motion, the preliminary tremor 
is well defined, the principal portion beginning with conspicuous 
movements of large amplitude. In the following description of the 
seismogram, the complete period and the range of motion (double 
amplitude) are denoted by the symbols T and 2a respectively. 

Horizontal Motion. 

The motion was sensible for about 2 min. 

Preliminary tremor. The movements were as follows : — 

(NS) T = 0.85 sec, Max. 2a = 1.00 mm. 
(EW) r=0.82 „ Max. 2a = 0.73 „ 



Note on the Tokyo Earthquake of Nov. 22, 1007 H 

Ptnncipal portion. The motion was about 3 times greater in 
the NS than in the EW component, this being contrary to what 
is usually the case with strong Tokyo earthquakes, in which the 
EW component greatly predominates. For the first 2.3 sec, the 
vibrations were comi)aratively small and principally in the NS 
component : — 

(NS) T = 1.04 sec., Max. 2a = 9.5 mm. 

(EW; T = 0.17 „ Max. 2a = 1.3 „ (ripples). 

Then the motion became much larger, there being 4 displacements 
(marked, in Fig. 2, respectively erf, de, ef, and fg) composing 2 
vibrations as follows : — 



1st displacement. . . . 



2Dd 



>» 



3id (Max.) „ 



4th 



>> 



11.3 mm toward N, 4.5 mm toward W; 
Resultant 2a = 12.3 mm, toward N22**W. 

16.3 mm towai*d S, 5.3 mm toward E; 
Resultant 2a = 170 mm, towai-d S18°E. 

22.0 mm toward N, 7.7 mm toward W; 
Resultant 2a = 23.3 mm, towaid N19^W. 

9.3 mm toward S, 7.3 mm toward E; 
Resultant 2a = 11.8 mm, toward S38°K 



The above 4 displacements, together lasting 2.0 sec, constituted 
the most active part of the earthquake ; the 2nd and 3rd dis- 
placements forming the maximum vibration of 2a = 23.3 mm, and 
period = 0.95 sec, whose maximum acceleration was 510 mm per 
sec per sec As the mean direction of motion was N24 W-S24'E, 
these movements took place approximately parallel to the hne 
joining the earthquake origin with the observing place and are due 
probably to the longitudinal wave. The subsequent motion was 
smaller, but continued active for about Im 12s, the period being 
as follows : — 
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average, 0.80 sec. 



(NS) r=0.79 sec. 
(EW) T=0.81 „ / 

Vertical Motion. 

Preliminary tremor. The motion was very small. 

Principal portimi. The motion which was small during the 
first 3.5 sec., was active during the next 18 sec, and consisted 
of the following vibrations : — 2' = 0.47 sec. Max. 2a = 1.3 mm. 

Observation (U Hongo (Tokyo). The maximum macro- seismic 
motion at Hongo was 2a = 10.4 mm, T = 0.7 sec, nearly in the 
NS direction. 



Fig. 1. Tokyo Earthquake of Nov. 22, 1907, 

I, n ftnd in are respectively the boandaries oC the 
Mraas ot Mghtf moderatet and strong moTements. 

Arcs in red are drawn abofd the different places as centres unth 

radii caJUndated from the duration of the preliminary tremor. 

( X ) Probable Position of the Earthquake QrigiiL 
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Horizontal Pendulum Record obtained 
at Mito during a Storm. 

By 
F. Omori, Sc. D., 

Member of the Imperial Earthquake Investigation Committee. 



"With Pis. VII to IX. 



J^ 



Instances of remarkable inclination of the ground observed in 
Tokyo during a storm have been described in the Publications, 
No. 21, and the Bulletin, Vol. I, No. 4. The present note gives 
an account of a similar case of the tilting recorded on March 23, 
1907, at the meteorological obsei-vatory of Mito (f=36°23' N; ; = 
140°28' E), with the NS component Omori horizontal pendulum, 
whose recording cylinder made one revolution in 24 hours, and 
whose instrumental constants were as follows : — 

Pendulum period, when suspanded verticallj=3ro= 1.74 sec. 
Period of Horizontal Pendulum actually 8et'up= r=32 sec. 
Multiplication ratio of the pointer=n=20. 
Displacement* of the writing index corresponding to the tilting of 1" 

= r=:L X 71 X sin V* x -^7:;=24.57 mm. 

Fig. 1. (PL VII) gives the tiltometer record in question between 
10 a.m. and 5 p.m., on the 23rd. 



* In the " Bulletin," No. 4, r has by mistake been defined as Uie angle of tilting equivalent 
to 1 mm displacement ot the writing index. 
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Storma on 33-24, March, 1907. From Fig. 2 (PI. VIII)*, 
which shows the condition of the weather at 6 a.m. on March 
23rd, 1907, it will be observed that there existed simultaneously 
two cyclones, (I) and (II), whose tracks were parallel to the 
general course of the Islands, and were over the Pacific Ocean 
and the Japan Sea respectively. The cyclone (I) appeared on the 
21st off the south-eastern coast of Formosa, progressed toward 
north-east, and approached the south-eastern coast of the Main 
Island about the noon of the 23rd. The other cyclone, (II), which 
originated on the 20th at the Yantzse Valley, China, passed 
through the Tsushima Strait and approached on the 24th the 
western coast of Hokkaido. Both of these cyclones, which were 
at first shallow, rapidly increased in intensity with their eastward 
movement, the storm already extending over the whole of the 
Main Island on the afternoon of the 22nd. When the centre of 
the depression (I) approached on the 23rd the peninsula of Awa 
and Kazusa, the minimum barometric pressure of 744 mm was 
recorded at Choshi (¥^=35 44' N, ;= 140^55' E) at 1 p.m. The 
minimum pressure at Mito was 745.8 mm at 1 p.m. On the 
Japan Sea side, the minimum pressure, due to the cyclone (II), 
was 749.9 mm and was observed at Suttsu (province of Iburi, 
Hokkaido), at 9 p.m., on the 23rd. 

Tilting of the ground. A marked southward inclination 
began to set in about Oh 30m p.m. ; the displacement of the re- 
cording index of the instrument in that direction being 92 mm on 
record, which corresponds to a level inclination of 3.7". This 
tilting was accomplished in the time intei'val of about Ih 50m, 
the extreme southward inclination having been reached at 2h 20m 

• The wenthcr map is reproduced from the March (1907) number of the "Eisho Yoran," 
Xrabluihed by the Central Meteorological Obfiervatory. 
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p.m. Thereafter the northward inclination began to set in. 

'Thus it will be observed that the commencement of the 
sudden southward tilting was at about 30 min. before the epoch 
of the minimum barometric pressure at Choshi and Mito ; the 
passage of the centre of cyclone producing, as in the case of the 
storm on Oct. 10th and 11th, 1904, not an elevation but the 
depression of the ground. This is probably due to the fact that 
the deep barometric cyclone was accompanied, or rather followed, 
by an increase of the height of sea water, to an amount greater 
than the equivalent of the barometric fall, as explained in 
the next §. 

Mareogram at Choahi. Fig. 3 (PI. IX) is a reproduction 
of the tide gauge diagram obtained on March 22nd and 23rd, 
1907, at Choshi (province of Shimosa), which place is situated 
at the month of the River Tone, near Cape Inuboe, at a distance 
of about 80 km to the SES of Mito*. The disturbances of the 
water, consisting in the secondary undulations proper to the 
coast of observation began to become marked from about 4 J a.m. 
on the 23rd, continuing to increase till midnight of the same 
day. The level of the sea also began to rise, the greatest limit 
being reached at about 2 p.m. to a few minutes after 3 p.m., 
when the water thus abnormally accumulated was about 2 J 
shaku (=75.8 cm) higher than the level according to the usual 
tide movement, and 1.12 shaku (=34.0 cm) than the highest 
water during the preceding day. The time of the greatest water 
accumulation at Choshi thus nearlv coincided with the moment 
of the maximum southward tilting at Mito. The difference of 
the highest mean level at about 3 p.m. (23rd) over that of the 

♦ For 'the copy of the nmreogmm I am indebted to Prof. Dr. T. Kondo of the Interior 
Department. 
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mean low water occurring about 3 hours earlier is some 1.45 
shaku (=44 cm), which may be taken as the differential increase 
of the height of the sea level near the position of the cyclone 
over that in the neighbouring portions of the ocean. As the 
difference of the barometric pressure at the minimum centre and 
the coast near it was probably about 10 mm, or about 14 cm of 
water column, we see that the resultant relative pressure at the 
ocean bottom immediately after the passage of the cyclone centre 
is increased by an accumulation of water nearly 30 cm in height, 
extended over the sea surface of no insignificant dimension. This 
probably accounts for the tilting of the ground toward the centre 
of barometric depression, when the path of the latter is over 
the Pacific. 
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Fig. 2. Weather Map- March 23, 1907; 6 A.M 

The dotted lines (I) and (U) give the paths of the 
two cyclone centres, whose positions at 6 A.M. of the 
successive days are each indicated by a small cross ( x ). 
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Fre(]|[u^]icy in Tokyo and Kyoto. 

, • •!. • . . By 

I ( F. Omorl, Sc. D., 

'' '''- ^ Member of the Imperial Earthquake Investigation Committee. 



h 






"!■ • • "With PL X. 



Jntrodtictery. '' As pointed out in a discussion of the 
seismic activity for Japan, taken as a whole, the variation of the 
frequency of the ordinary small shocks, whose number is minimum 
in the months of Juiie" July, August, and September, is just the 
reverse of that of the destructive disturbances, whose number 
is maximum in July and August*. Again, with respect to 
the recent Japan earthquakes of submarine origin, the annual 
variation of the small shocks is found to be approximately 
opposite to that of the stronger or larger ones J. Relations like 
these between small and large seismic disturbances are what is 
to be expected from the nature of an eartliquake, which is 
virtually equivalent to tlie removal of a weak point in the earth's 
crust; the more frequent occurrence of small shocks tending to 
prevent any abnormal accumulation of the underground stress. 
The non- occurrence of these disturbances, or, an imusually low 
seismic frequency may, on the other hand, facilitate the occurrence 

* F, Omori: **Note on the Eaztbqiiake Investigation .Committee Catalogae oi Japanese 
Earthquakes." Jour. Sc. CoH., Imp. Tokyo Univ., Vol. XI, 1899. 
J This number, PI. XIX. 
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of great or destructive seismic disturbances. The reversal of the 
maximum and minimum epochs in the annual variation of large 
and small seismic shocks is also strikingly shown in the cases 
of the earthquakes recorded in Tokyo and Kyoto. 

Seasonal variation of seismic fi^equenetf in Tokyo* The 
number of destructive and semi-destructive earthquakes, which 
shook Tokyo (Yedo) since the foundation of the city * in 1590 
by Tokugawa lyeyasu, was 18, the first and last of which took 
place in 1615 and 1894 respectively. Of these, the maximum 
seasonal number of 7 occurred in Summer, while the minimum 
number of 3 occurred in Winter and Spring. On the contrary, 
the mean seasonal number of ordinary small earthquakes, observed 
instrumentally in Tokyo between 1876 and 1899, was minimum 
(=19.1 and 18.3) in Summer and Autumn, and maximum (=25.5) 
in Spring*, as shown in the following table. 



Seasonal Seismic Frequency in Tokyo. 



Season. 


Mean seaflonol number 

of ordinnry eqkes. 

(1876-1899). 


Number of destmctive 

and aemi-deBtructiTe 

eqkes. (1615-1894). 


Spring (March, April, May). 


25.5 




3 


Summer (June, July, August). 


19.1 




7 


Autumn (Sept., Oct, Nov.) 


18.3 




5 


Winter (Dec., Jan., Feb.) 


23.9 




3 



As is gi^aphically shown in Figs. 1 and 2 (PI. X), the annual 
variation of the small earthquakes is almost symmetrically opposite 
to that of the destructive and semi-destructive shocks. 

Annfial variation of seismic frequency in Kyoto. Of 
the seismic disturbances recorded in Kyoto between 797, the year 



* See the PMlcaiions, No. 8. 
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of its foundation, and 1867, when it ceased to be the Imperial 
capital, 1088 earthquakes were small shocks, and 32 were destrac- 
tive or semi -destructive in or about the city'^'. The distribution 
in the 12 months of the year of these two classes of Kyoto 
earthquakes are as follows. 



Monthly Seismic Frequency in Kyoto. (797-1867). 



Month. 


Ordinary Hmall eqkes. 
(1088 shocks.) 


Destructive and semi- 

(lesh'uctive eqkes. 

(32 shocks.) 


Jammry. 


79 


:] 


February. 


82 





March. 


110 





ApriL 


102 





May, 


95 


3 


June. 


91 


4 


July. 


87 




August. 


95 


7 


September, 


74 


3 


October. 


87 


•2 


November. 


95 


1 


December. 


91 


4 



Thus the small earthquakes indicate the maximum monthly number 
of 110 in«;>Iarch, and the minimum of 74 in September; while 
the larger ones show the minimum number of zero in February 
to April, and the . maximum number of 7 in August. As will 
also be seen from the graphical illustrations in Figs, 3 and 4 (PI. X), 

* These nnmberB are revised results and differ slightly from those giTen in Jour. Sc Coll., 
Imp. Tokyo Univ.. Vol. XL 
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the annual variations of the two sets of earthquakes arc nearly 
opposite to one another. 

Concludhtg remark. From the foregoing §§, it is evident 
that wo must treat small and large earthquakes separately^ in 
the discussion of seismic frequency with respect to the atinoSf 
pheric pressure, the position of the moon, etc. 
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Annual Variation of Tokyo Eqke Frequency. 




Fig. 1. 

Small Eqkes. 



fSeCL^OTL) 



H-v 




2i- 



Fig. 2. 
Destractive Eqkes. 
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Annual Variation of Kyoto Eqke Frequency. 
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Fig. 3. 
Small Eqkes. 
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Fig. 4. 
Destructive Eqkes. 
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List of Recent Volcanic Eruptions in Japan' 

By 
F. Omori, Se. D., 

Member of the Imperial Earthquake Investigation Committee. 



With Pis. XI-XIII. 



Larger volcanic outbursts in recent years. Among the 
recent volcanic explosions in Japan, tlie most notable were th^ 
followins; five : — 

(i) Explosion of Bandai-sau. July 15, 1888; 7h 45in a.m. 

(ii) „ Azuma-san (Issaikyo-san). May 19, 1893 ; llh 

30m a.m. 
(iii) „ A(latara-san (Numashiri-yama). July 17, 1900; 

Gh 30m \>.m. 
(iv) „ Tori-shima. August, probably between the night 

of 7th and that of 9th, 1902. 
(v) Submarine eruption near the Minami Iwo-jima (South Sulpher 
Island). About the 5th of December, 1904. 

Of these, the first four consisted each of a sudden steam explosion, 
the most violent being that of the Bandai-san, one of whose 
peaks was entirely destroyed. The three explosions of the Azuma- 
san, Adatara-san, and Tori-shima were much smaller, that of the 
first named mountain being probably the least. A rougli idea of 
the comparative strengths of the explosions may be obtained from 

• TmnslAtion, with ailditions, of the present anthor'a i>nper in the Reports (Japimesc) of 
the Imp. Earthquake Inv. Comm., No. 49, 1904. 
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the masses blowu oft' on tlie different occasions'^', which were ap- 
proximately in the ratios of 3400 : 1 : 7 : 56, as follows : — 

(volaine of newly 
foormed cxater.) 

'Bandai-san 1,700,000,000 cubic metres. 

Azuma-sau 500,000 

1 Adatara-san 3,600,000 



99 



iTori-shima 28,000,000 



»f 
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Each of these four volcanic explosions caused a considerable 
damage, attended by loss of liuman lives, w^hich was specially 
striking in the case of the Tori-shima, the total population of 
the island, abaut 125 in number, liaving been entirely wiped away 
without leaving even a trace. 

The explosion of tlie Adatara-san was central, that is to say, 
took place from the filled up crater of the original volcano, while 
those of the Bandai-san, Azuma-san, and Tori-shima, were each 
an eccentric outburst, having occurred not in the original central 
crater. 

The submarine volcanic outburst, (v), which took place near 
the Minami I\yo-jima, was very remarkable and consisted in the 
eruption of molten lava, resulting in the formation of a new island, 
about 145 metres in height and nearly 5 km in circumference. 
This island, made up of the loose material, again entirely disap- 
l)eared about I year later. 

Of the 5 cases of larger volcanic outbursts mentioned above, 
the first tlu'co occurred in the province of Iwashiro, in the northern 
part of the Main Island, while the two last occuiTcd in the 
Pacific and l)elonged to the Fuji volcanic chain. 

* The estimation of the volume of newly oi.)cned crater of the Bandoi-san was made by 
the late Professors S. Seldya and Y. Kikiichi. Those relating to the three other volcanoes ore 
based on the obser\'ations of the x)reRent anthor. 
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Xi^ of volcanic outbursts, 1893-1907. Duidng the 14 
years between 1893 and 1907, there were in Japan (Kuriles, 
Lyu-Kyu, and Formosa excepted) over 70 cases of volcanic out- 
bursts, which consisted mostly in the explosions of steam; the 
mountains most active during this period being the following 

four : — 

/Asama-jaina (provioce of Shinauo) about 31 times 

Kirisfaima-jama (province of Hyiiga) . . . . „ 19 „ 

I Aso-san (province of Higo) „ 6 „ 

IShirane-sau (province of Kotsuke) „ 5 „ 

Besides these^ Azuma-san (Issaikyo-san)," Adatara-san (Numar 
shiri-yama), Tanunae-san (in Hokkaido), Komaga-take (Do.), 
Katta-dake (province of Rikuzen), and others were also more or 
less active ; there being also two cases of submarine eruptions ofT 
the Pacific coast. The approximate positions of these volcanoes, 
14 in number, are as follows. 



Volcano. 


Latitude (N) 


LoDgitndn (E) 


Komaga-take. 


42° 


04' 


140° 


41' 


Tarumae-sau. 


42 


42 


141 


23 


Katta-dake. 


38 


08 


140 


27 


Azuma-san. 


37 


44 


140 


15 


Adaiaia-san. 


37 


38 


140 


16 


Bandai-sau. 


37 


37 


140 


04 


ShiraneHBau. 


3G 


38 


138 


33 


' Asama-yama. 


36 


25 


138 


30 


Iwo-dake. 


36 


15 


137 


36 


Aso-Siui. 


32 


54 


131 


05 


Kiriahima-jamn. 


31 


56 


130 


52 
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Volcano 

» 


Iiatitml« (N) 


Longitude (E) 


Near Bayonmse Bock. 

Tori-shima. 

Eruption near Minami- | 

Iwo-8hima. 


81° 55' 
30 27 

24 13 


1 : 

139^ 54' , 

140 07 

1 
' 1 

141 29 

• 



As a 8tr6ng volcanic eruption has usually a number of 
smaller followers, it is often difficult to count the eiact ntimber of 
the outbursts. These small secondary ones have, in so far as 
they can be identified as such, been excluded from the following 
fet of the volcanic disturbances. 



■ t.- 



Table I. list of Volcanic Outbursts in Japan, 1893-1907. 



Volcano. 


Date. 


Time of 
Outburst. 


Kemabks. 

> 

1 . ' ! 




1894 




- 


KimhimoryAiiui. 


Feb. 25 


lOh 30"A.M. 


Detonations. Ashes thrown oat. 


tt 


28 


8 20 ,. 


Loud detonations. 


Aflo-san. 


March 7 


5 - ,. 


Detonations. Ashes thrown out. 




Bnmbling fio 


unds also heard a 


t 7.13 ; 8.4G ; 9.15 ; 9.23 ; 9.40 ; 10.02 




and 10.25 A.] 


M. of the same di 


ay, the last being the strongest. 


(* 


13 


10 40 A.M. 


Detonations and explosioii. 


Azoma-san 
(iBsnikyo-san). 


16 
April 4 


Noun. 


Detonations. Ashes tiuowii oat. 


Afiama-yama. 


6 


1 — A.M. 




«i 


11 


9 — P.M. 


»i tt 
Loud detonations. Ashes thrown out. 


Azuxnorsah. 


12 


10 — A.M. 


1 1 
Ashes thrown out. 


ABama-yama. 


17 


8 — A.M. 


Detonations. Ashes throwa out. 


ft 


28 


6 20 P.M. 


Outburst. 


tt 


30 


— A.M. 


Loud Detonations. Ashes thrown out 
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Volcano. 


Dote. 


Time of 
Ontbnrst. 


Kemarks. 


Aflo-Bon. 


May 24 


Midnight. 


Detonatiohs. Ashes thrown ont. 


Asfuna-yama. 


June' 14 


ah 30"A.M. 


Loud detonations. Ashes thrown oat 
in large tx^iantity. 


Aso-fian. 


23 


8 


P.M. 


Loud detonations. AKhes thrown out. 


Tommae-san. 


Ang. 17 


G 


— P.M. 


Smoke emitted. 


Aso-san. 


30 

1895 


5 


A.M. 


Detonations. 


Kntta-dake. 


Feb. 15 


9 


— A.M. 


Smoke emitted. 


ft 


19 


8 


30 A.M. 


«i 


Azumo-san 
(Imaikyo-san). 


March 8 


7 


32 A.M. 


Detonations and emission of smoke. 


i» 


♦* •* 


9 


4U P.M. 


I* »» 


KiriBhimo-yama. 


July IC 





30 P.M. 


«» tf 


Knmoga-take 
(Kattardake). 


Sept. 27 


5 


— A.M. 


»» »» 


Kirishima-yama. 


Oct. IG 





30 P.M. 


t« tf 


ff 


Dec. 18 

1896 


3 


45 P.M. 


Loud detonations and emission of 
smoke. 


Kiriflhinuv-yama. 


March 15 


8 


26 A.M. 


Explosion, luxxnnpanied by emission 
of smoke and falhng of ashes. 


»t 


Jnnc 26 


1 


— A.M. 


Detonations and emission of smoke. 
Ashes thrown out. 


»♦ 


Dec. 21 

1897 


1 


15 P.M. 


Explosion. AKhes thrown out. 


Zo-O-san 
(Katta-clake) 


Jan. 14 





30 AM. 


Detonations. Smoke emitted. 


AHO-san. 


{End of FeK to 
the beginning 
of March. 






Detonations continued for several 
days, being strongest on March 3. 


Hhixane-fian. 


July 31 


5 


— A.M. 


Detonations and emission of sm<^e. 


Kiiishuna-yama. 


Sept. 4 


8 


— AM. 


Explosion. 
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Volcano. 


Date. 


Time of 
Ontbuzst. 


KKIklABKS. 




1898 








Kinshima-yania. 


Feb. 


8 


Ih — "A.M. 


Detonations and emission o£ s moke. 


** 


March 


11 


7 — P.M. 


liond detonations and explosion. 


t» 


Dec. 


30 


11 — P.M. 


t» »* M 




1899 






AHama-ynmji. 


March 


10 


1 — P.M. 


Detonations and explosion. 


»» 


July 


10 


Night 


Explosions, continuing for several 
days. 


«» 


»» 


15 


11 — A.M. 


Loud detonations and explosion. 


Kinshima-yAma. 


i» 


28 


1 30 A.M. 


»» »» t» 


AsAxna-ynran. 


Aug. 


7 


7 P.M. 


Ashes fell for several days. 


AdiitararBan. 


»» 


2i 


11 30 P.M. 


Explosion. 


Kirishima-ynTnA. 


Sept. 


12 


Morning 


Detonations and explosion. 


M 


Oct. 


13 


3 05 A.M. 


*f «f 


»» 


Nov. 


7 


Morning 


»« >« 


Adatara-Bnn. 


»» 


12 


7 30 P.M. 


Explosion. 




1900 






Aclfttara-san. 


Jan. 


22 


7 A.M. 


Detonations and explosion. 


»i 


Feb. 


7 


6 — P.M. 


»» ♦» 


Kiriflhima-yoxnA. 


»♦ 


16 


9 — A.M. 


«f M 


AsAma-yaniA. 


tf 


19 


5 — P.M. 


Lond detonations and explosion. 


♦» 


Iklardi 


1 


From morning 
(to noon. 


»• fi «f 


»• 


t« 


22 


Midnight 


DetonatioBfi» followed by several 
others. 


»» 


f» 


31 


3 10 P.M. 


Loud detonations and explosion. 


AdAtarorSAn. 


July 


17 


6 30 P.M. 


Great explosion. (See the 1st §) 


Asama-yaTna. 


If 


21 


— 


Explosion. 


Shizane-Ban. 


Oct. 


1 


3 — A.M. 


Feable detonations and ex]>lo6ion. 


AflAmA-yaxna. 


Nov. 


19 


4 30 P.M. 


Explosion. 
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Volcano. 



Asanuv-yama. 



Asama-yama. 



»t 



»f 



»t 



f» 



Asama-yama. 

Tori-shima. 

Shiranc-san. 



Kirisliinia-yama. 



Asama-yiuna. 

Near the Minami 
Iwo-jima. 



Eomagortake. 



Shirane-san. 



Asama-yama. 

In the Ticinity of 
Bayonnaise Bode, to 
the SE of Aogoshi- 
ma. 



Date. 



Time of 
Outburst. 



Dec. 



U 



1901 

AprU 20 



tf 



May 



July 



21 
23 
26 
21 



Aug. r)-8 



1902 



Aug. 



4h —'"A.M. 



25-5 00 P.M. 

10 80 A.M. 

10 50 A.M. 

2 00 P.M. 

Eyening 



1 — P.M. 



{(probably between even- 
ing of 7th and that of 
9th) 



Sept. 



»♦ 



5 



17 



1903 

Aug. 29 
Nov. 25 

1904 

Aug. 4 

(About Nov. 28) 

1905 

Aug. 20 
Oct. 24(?) 

1906 

April 

April (prolmbly j 
between 7 andr 
13) f 



Evening 
1 — P.M. 



2 30 P.M. 
9 — A.M. 



Noon 



11 



P.M. 



Early morning 



Hemabks. 



Feable shaking and explosion. 



Explosion 
Emission of smoke. 



♦f 



ft 



Explosions continued fdr several days. 



(Ashes fell also on 9th and 10th.) 



Detonations. Ashes thrown out. 



Great explosion. (See the 1st §) 
Small explosion. 



i« 



»t 



Detonations and explosion. 
Great detonations and explosion. 



Smoke emitted, and ashes thrown out. 

A great submarine eruption, resulting 
in the formation of a new island. 



Explosion. Ashes continued to be 
thrown out till the end of the year. 

Smoke emitted, and ashes thrown out. 



Smoke emitted. 

A submarine eruption, which con- 
tinued probably for about one week. 
A great quantity of pumice was 
found floating on the sea surface. 
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1 

Volcano. 


Date. 


'T\me of 
Oatbaret. 


RBMASXa. 


Aso-snn. 


June 

1907 


8 


5" — P.M. 
1 Continued £rom 


Detonations, followed by an explosion. 
A new crater, aboat 50 ft in length 
and 2i ft in width was formed. 


Asanm-yiixua. 


Jan. 


18 


J the evening of 
llHthtothemorn- 
(ing of 19th 


Smoke emitted. 


!♦ 


March 


28 


G — A.M. 


Smoke emitted, and ashes thrown oat. 


»» 


Aug. 


21 


Early morning 


fi »» 


Iwo-dake. 


Dec. 


11 




Explosion. Ashes were thrown out. 


(in Shinano) 











Annual variation of the frequency of the volcanic out-- 
hursts. The distribution in the 12 months of the year of the 80 
cases of volcanic disturbances contained in the list given in the 
preceding § is shown in the 2nd column of the following table ; 
the figures in the 3rd column, taken from the late Mr. Ogashima's 
work, *' Nippon Saiislii," {A compendium of vnusiuil events in 
Japan)^ being the annual distribution of the 113 volcanic out- 
bursts, which happened in Japan since the earliest historical times 
down to 1885*. 



Table 11. Volcanic Eiuptions in Japan. 



^fonth. 


80 Vol. OutbmsKs 

in recent years. 

1893-1907 


113 Vol. Outbursts 

recorded in history. 

685-1886 


Sum. 
(193 Outbiu-sts). 


I 

n 
ni • 


3 

9 

12 


6 
20 
13 


9 
29 
25 



* For aooounts of historical volcanic outbursts in Japan, the reader is also referred to 
Prof. John Milne's paper. •* the volcanoes of Japan " in the Trans. Seism. Soc. Japan^ Vol. IX. 
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80 Vol. Outbursts 


113 Vol. Outbursts 


Sum. 


Montli. 


in recent jeara. 
1893-1907 


recorded in history. 
685-1886 


(193 Outbursts). 


rv' 


11 


14 


25 


V 


3 


8 


11 


VI 


4 


4 


8 


vn 


8 


7 


15 


vm 


11 


14 


25 


IX 


5 


9 


14 


X 


4 


3 


7 


XI 


5 


9 


14 


xn 


6 


6 


11 



The annual variations of the recent volcanic outbursts and 
of those which occurred in the historical times are, as illustrated 
in Figs, 1 and 2 (PI. XI), mutually alike, each showing two 
distinct maxima of the frequency. The monthly distribution of 
the two sets of eruptions taken together is given in the last 
column of the above table and illustrated in Fig. 3. From the 
latter it will be seen that the absolutely greatest frequency (29) 
of eruptions occmi-ed in February ; the three months of February, 
March, and April together forming the 1st, or principal epoch of 
volcanic activity, followed by the principal minimum in June. 
The 2nd, or smaller, maximum fi-equency (25) occurred in August. 

Comparison with tlie annual variation of seismic fre^ 
quency. To compare the annual variation of the frequency of 
the volcanic eruptions with that of the seismic frequency, I give, 
in Table III, the mean monthly percentage numbers of earthquakes 
obs(?rve(l instrumentally at the meteorological obsei^vatories of 
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Nagoya, Gifu, and Kuuiamoto, which places are shaken mostly 
by seismic disturbances of inland origin ; the figures having been 
deduced from the data given in the " Publications of the Imp. 
Earthquake Inv. Comm.", No. 8, 

Table III, Mean Monthly. Percentage Numbers of Earthquakes 

at Nagoya, Gifu, and Kumamoto. 



Month. 


Nagoya. 
13.3 


Gifii. 
10.7 


Knmamoto. 


Average. 


I 


10.9 


U.6 


n 


7.5 


8.2 


9.3 


8^ 


111 


13.0 


9.9 


9.9 


10.9 


IV 


9.6 


13.9 


9.5 


U.0 


V 


9.0 


9.2 


10.5 


9.6 


VI 


6.3 


6.9 


9.0 


7.6 


vn 


6.0 

• 


0.0 


4.9 


5.6 


vni 


' 11.2 


6.5 


7.5 


8.1 


IX 


6.6 


6.6 


7.5 


6.9 


X 


6.9 


8.2 


8.8 


8.0 


XI 


4.8 


8.6 


6.1 


6.5 


xn 


6.8 


6.5 


5.5 


5.9 



According to the average values of the monthly seismic 
frequency, which are given in the last column of Table III, and 
which are graphically illustmted in Fig. 4, the annual variation 
of the frequency of the earthquakes of inland origin shows the 
epoch of the principal maximum (=11) in Marcli and April, 
with the principal minimum (=5.6) in July; tliere being an 
epoch of a secondary maximum (=8) in the months of August 
to October. The variation in question may thus l>e regarded as 
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being on the whole approximately similar to that of the frequency 
of the volcanic eruptions. 

With respect to the cause of the frequency variations of 
these two phenomena, it is to be remarked that the earthquakes 
of inland origin are much affected by the atmospheric pressure, 
as discussed in the Publications, No. 8 ; the 1st, or principal, 
seismic maximum above: mentioned being due probably to the 
barometric maximum in the annual variation. The 2nd, or 
smaller, seismic maximum may possibly be due to the more ex- 
tensive or stronger among the earthquakes of inland origin taken 
into consideration ; the annual variation of large and small shocks 
being in general opposite to one another. The cause for the 
two maxima in the frequency variation of the volcanic eruptions 
is probably the same as in the case of those of the earthquakes. 
It is needless to add that further and more strict investigations 
in these connections ai'e necessary, especially for the explanation 
of ^he secondary maximum in the frequency of volcanic erup- 
tions*. 

Seasonal numbers of volcanic eruptions. The following 
table gives the distribution in the four seasons of the year of 
the 193 volcanic eruptions (Table II) and of the percentage 
numbers of the earthquakes observed at Nagoya, Gifu, and Kuma- 
moto based on the data given in Table III. 



* In the Beports (Japanese) of the Imp. Earthquake Inv. Gomm., No. 56, I haye stated the 
view that the seoondary maximum in the frequency of the volcanic eruptions may be due to 
the pressure ot the sea water at the bottom. The supposition stated in the present paragraph 
seems to be the more likely one. 
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Table IV. Seasonal Distribution of the Volcanic Eraptions 
and the Percentage Numbers of the Earthquakes. 





Volcanic 

Eruptions.. 

(193) 




Seismic Frequeocj. 


• 


Season. 


Nagoya. 

• 


Gifu. 


Kamamoto. 


Mean. 


Spring 
(Mnrch, April, Mny.) 


61 


31.6 


33.0 


30.3 


31.6 

1 1 


Summer 
(June, July, August.) 


48 


23.5 


18.4 


22.3 


21.4 1 


Autumn 
(Sept., Oct., Nov.) 


35 


ia4 


23.2 


22.7 


21.4 

1 


Winter 
(Dec, Jan., Feb.) 


49 

1 


26.5 


26.4 

• 


24.7 


25.5 



Thus, for the volcanic eruptions, the greatest seasonal number of 
61 occurred in Spring, being 1.7 tipies greater th^n the leaa^t, 
number, which occurred in Autumn. For the mean frequency 
of the earthquakes, the greatest percentage number of 31.0 occur- 
red also in Spring, being about 1.5 times greater than the least 
number of 21.4, wliich occurred in Summer and Ai^tumn. The 
cui-ves graphically representing the variations of the seasonal 
frequencies of the eruption^ and the earthquakes, given in Figs. 5 
and 6, (PL XII), will bo seen to be on the whole similar to one 
another. 

Niimhers of volcanic eruj^tions in the successive years. 
Table V gives the number of the volcanic eruptions for each 
of the years 1894 to 1907, and for the sake of cbmparison, the 
total numbers of earthquakes (exclusive of teleseismic disturbances) 
obseiTcd in Japan during the successive years. 
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Table V. Yearly Numbers of Volcanic Eruptions and 
Earthquakes in Japan. 1894-1907. 



Year. 


Number of 


Number of 


"Voloanic Ei-uptions. 


Earthquakes*. 


1894 


17 


2,729 


1896 


8 


1,417 


1896 


3 


1,906 


1897 


4 


1,727 


1898 


3 


1,561 


1899 


10 


1,682 


1900 


12 


1,831 


1901 


6 


1,615 


1902 


4 


1,401 


1903 


2 


1,242 


1904 


2 


1,142 


1905 


2 


1,901 


1906 


3 


1,551 


1907 


4 


1,642 



(* FonuoBa excluded) 

From Figs. 7 and 8 (PI. XIII), which gi'aphically illustrate 
the results contained in Table V, it will be seen that the relations 
to time of the numbers of the eruptions and the earthquakes are 
rather aUke to each other; in each case the absolutely greatest 
number occurring in 1894, and a maximum in 1900. 

From what has been said in the foregoing §§, the volcanic 
activity in Japan seems to follow approximately that of earth- 
quakes. This is in accordance with the fact that large volcanic 
eruptions and destructive earthquakes often take place in nearly 
the same epoch in different parts of a great seismic zone. 
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Fig. 6. Earthquakes of Inland Origin. 
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y = Monthly number of volcanic eraptions in Japan. 
y'=i Mean monthly percentage number of earthquakes 
of inland origin. 
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Variations of the Yearly Numbers of the 
Volcanic Eruptions and Earthquakes in Japan. 
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On the Annual Variation of the Height of Sea-Level 

along Japanese Coasts. 2nd Paper. 

By 
F. Omori, Sc. D., 

Member of the Imperial Earthquake Investigation Committee. 



^Vith Pis. XIV-XIX. 



Introductory. In a previous note* I have considered the 
relation to the barometric pressure and the seismic frequency of 
the annual variation during 1902 of the height of sea-level at 
Aynkawa and Misaki, which are situated on the Pacific coast of 
the Main Island. The present paper treats of the same relation 
for these two places during the year 1903, and also gives the 
discussion of the sea-level observations during 1904 made at 
Choshi (province of Shimosa) on the Pacific side, and at the four 
Japan-Sea coast stations of Otaru, Iwasaki, Wajima and Hamada. 
The data relating to the mean monthly heights of sea level at 
Choshi are based on the report of the meteorological observatory 
at that town, while those relating to all the other places have 
been furnished by the Survey Department of the General Staff of 
the Imperial Army ; the tidal measurement at each place being 
made by means of an automatically recording mareograph. The 
approximate positions of the different stations, which are shown 
in Fig. 1 (PI XIV), are as follows. 

♦ The " PoblicAtions of the Enrthqtittke Inv. Comm.", No. la 
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Stations. 


Latitode (N). 


Ijongitnde (E). 


Otanu 




43° 


13' 


141° 01' 


Iwasaki. 




40 


36 


139 55 


Aynkawa. 




38 


18 


141 31 


Choahi 




35 


44 


140 60 


Misaki. 




35 


10 


139 37 


Wajima (VVajima 


-zaki). 


37 


25 


136 54 


Hamada (Sotonoura). 


34 


55 


132 05 



Height of sea-level at Ayukawa and Misaki, in 1903. 

Table I gives the mean relative monthly heights of sea surface for 
1903 at Ayukawa (province of Rikuzen) and Misaki (province of 
Sagami), while Table II gives the mean monthly atmospheric 
pressure for the same year deduced from the barometric ob- 
servations at the meteorological observatories of Ishinomaki and 
Yokosuka, respectively near to the two mareograph stations 
above named. 



Table I. Mean Monthly Relative Heights of Sea Level at 

Ayukawa and Misaki. 1903- 



Month. 


Ayukawa. 


« 

Misaki. 


Mean. 


January. 


mm 

131 


mm 

101 


mm 

116 


February. 


75 


60 


68 


March. 


12 





6 


April. 





19 


10 


May. 


116 


102 


109 


June. 


187 


185 


186 
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Month. 


Ayukawa. 


Misaki. 


• 

Mean. 


July. 


mm 

257 


tnm 

183 


mm 

220 


August 


233 


206 


220 


September. 


246 


190 


218 


October. 


220 


220 


220 


November. 


166 


191 


179 


December. 


187 


133 


160 



Table II*. Mean Monthly Barometric Heights at 
Ishinomaki and Yokosuka. 1903. 



Month. 


Ishinomaki. 


Yokosuka. 


Mean 


January. 


mm mm 

700+62.4 


mm mm 

700 + 62.7 


mm mm 

700+62.6 


February. 


62.7 


63.0 


62.9 


March. 


64.2 


63.9 


64.1 


April. 


63.3 


63.1 


63.2 


May. 


60.0 


60.1 


60.1 


June. 


66.1 


55.9 


56.0 


July. 


56.5 


57.1 


56.8 


August. 


58.8 


58.9 


58.9 


September. 


61.2 


60.6 


60.9 


October. 


63.3 


62.5 


62.9 


November. 


63.4 


63.1 


63,3 


December. 


61.3 


61.8 


61.6 



The 2nd and 3rd columns of Table III give the relative 
monthly values of the heights of sea surface and of the atmos- 



^ Reduced to sea level and the freezing point. 
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pheric pressure, respectively meaned from the Ayukawa and Misaki 
mareOgraph observations (Table I) and from the Ishinomaki and 
Yokosuka barometric readings (Table II), the figures indicated in the 
4 th column being the relative total amount of pressure expressed in 
height of water column at the sea bottom itself, obtained by adding 
the aqueous and the atmospheric pressures as above deduced. 
From Figs. 2 and 3 (PI. XV), it will be seen that the annual varia- 
tion of the height of sea surface is on the whole opposite to that of 
the atmospheric pressure ; the sea water being lowest in March, and 
the barometric height maximum in the same month. The total pres- 
sure at the sea bottom varied relatively between 110 and 308 mm, the 
maximum and minimum occurring respectively in October and March. 
Table IV gives the data for 1902, meaned from Ayukawa 
and Misaki, as well as the total pressure at the sea bottom 
averaged from the two years 1902 and 1903. As will be seen 
from Fig. 8, the annual variation of the latter quantity presents 
the maximum in October and the minimum in March and April, 
the amount of fluctuation being 194 mm of water column, or 14.3 
mm of mercury, which is about IJ times that of the fluctuation 
of the monthly mean of the barometric pressure. 



Table III. Mean Kelative Monthly Heights of Sea Level 
and Barometric Pressure. Ayukawa and Misaki. 1908. 



Month. 


Height of Sea 
Level. 


Barometric - 
Pressure. 


Total Pleasure 
at Sea Bottom.* 


January. 


mm 

110 


mm 

6.6 


mm 

200 


February. 


62 


6.9 


156 


March. 





8.1 


110 (min.) 


April. 


4 


7.2 


112 



* Expressed in cx>ltimn of water. 
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Montb. 


Hoigbt of Sea 
Level. 


Barometric 
Presflure. 


Total Pressure 
at Sea Bottom*. 


May. 


mm 

103 


mm 

4.1 


ram 

159 


Juue. 


180 


0.0 


180 


July. 


214 


0.8 


225 


August. 


214 


2.9 


253 


September. 


212 


4.9 


279 


October. 


214 


6.9 


308 (max.) 


November. 


173 


7.3 


272 


December. 


154 


5-6 


230 



Table IV. Mean Relative Montlily Heights of Sea Level and 
Barometrie Pressure. Ayukatva and Misaki. 1902 and 1903. 



Month. 


Height of 

Sea Level. 

1902. 


Baix>metric 

Pr^flstue. 

1902. 


Total 

Pressure 

at Sea 

Bottom.* 

1902. 


Total Fressnre 

at Sea Bottom.* 

1902-1903 

(mean.) 


January. 


mm 

126 


ram 

5.1 


mm 

194 


mm 

197 


February. 





8.3 


111 (min.) 


134 


March. 
April. 


46 
74 


6.0 
4.6 


128 
128 


120 ^"""-^ 


May. 


142 


3.2 


185 


172 


June. 


171 


0.2 


174 


177 


July. 


186 


0,0 


186 


206 


August. 


205 


2.6 


240 


247 


September. 


248 


2.5 


282 


281 


October. 


210 


7.9 


317 (max.) 


313 (max.) 


November. 


141 


9.3 


267 


270 


December. 


207 


4.8 


272 


251 


^ Expreased in i 


wlomn of water. 
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Comparing Figs. 2 and 3 with the figures in the 1st paper (the Publi- 
cations, No. 18), we see that the relation of the variation of the 
height of sea surface to that of the atmospheric pressm^e remained 
essentially identical in the two years of 1902 and 1903, the only 
difference being that the epoch of the lowest water and highest 
barometer occurred in 1902 in February, and in 1903 in March. 
In 1902, the amount of the fluctuation of the mean montlily 
values of the height of sea surface was 248 mm, while that of 
the atmospheric pressure was equivalent to 126 mm of column of 
water ; these two numbers being in the ratio of 197 : 100. In 
1903, the amount of fluctuation of the height of sea water was 
somewhat smaller, namely, 214 mm, that of the atmospheric 
pressure being also smaller and equivalent to 110 mm of water 
column. These two latter numbers are in the ratio of 195 : 100, 
which is nearly equal to that for 1902. 

Observation at Choshi (1904)*. The following table gives the 
mean monthly values of the relative height of sea surface and 
the atmospheric pressure at Choshi, near the Cape Inuboe, in the 
province of Shimosa, 

Table V. Mean Monthly Height of Sea Surface and 
Barometric Pressure at Choshi. 1904. 



MoutJi. 


Height of Sea Surface. 

• 


Barometric Pressure.^ 


January. 
February. 


mm 

27 



mm mm 

700 + 62.6 
63.6 



* This account of the Choshi observatioii was also given in the "Tokyo Sugakn Batsnii 
Gakkwai Kiji Gaiyo," Vol. I. 

X With gravity, sea level, and freezing xxnnt corrections. 
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Month. 


Height of Sea Surface. 


Barometric Piefwnie. 


March. 


mm 

75 


mm 

62.1 


April. 


27 


63.4 


May. 


78 


59.3 


June. 


48 


67.8 


July. 


130 


67.7 


August. 


190 


58.5 


September. 


236 


58.3 


October. 


215 


61.4 


November. 


72 


61.2 


December. 


33 


61.9 



The above figures relating to the height of sea level and the 
barometric pressure have been deduced from the reading at 
6 a.m. each day, during the year 1904. As will be seen from 
the above table, which is illustrated in Figs. 4 and 5 (PI XVI), 
the sea surface was highest in September and lowest in February, 
while the barometric pressure was highest in Febraary and lowest 
in June to September ; the annual variation of the two quantities 
being approximately the reverse of each other, as was the case 
with Ayukawa and Misaki. 

The difference between the moan monthly maximum and min- 
imum heights of the sea surface was 236 mm, while that of the 
atmospheric pressure was equivalent to 86 mm of water column ; 
these two numbers being in the ratio of 275 : 100. 

Japan Sea coast*. The annual variation of the height of 
sea surface considered in the preceding §§ relates to three places 



* An ncoonnt of the Japnn Sea oonBt obpervations bus been given in the " Tokyo Sn^oku 
Butsnri Gnkkwai Kiji Gaiyo," in 1905. 
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on the Pacific coast of Japan. Let us now consider the same 
subject relative to the Japan Sea coast, there being on the latter 
the following four mareograph stations : — 

( i ) Hamada, in the province of Iwami ; 

(ii) Wajima, on the northern coast of the Peninsula of Noto; 

(iii) Iwasaki, on the western coast of the province of Mutsu; 

(iv) Otaru, in the province of Shiriheshi (Hokkaido). 

Table VI gives the mean monthly values of the distance between 
the sea surface and the datum line in the mareogram at each of 
the above mentioned places ; Table VII giving the mean monthly 
barometric pressures during the same year observed at the 
meteorological observatories of Hamada, Wajima, Aomori, and 
Sapporo. The two last cities have been chosen on account of 
their proximity respectively to Iwasaki and Otaru, there being no 
meteorological observatory at these two latter places. Finally, 
Table VIII gives the mean monthly values of the relative height 
of sea surface and of the atmospheric pressure, deduced from 
Tables VI and VII respectively. 



Table VI. Mean Relative Monthly Position of the Sea Surface. 

Japan Sea coast. 1902m 



Month, 


Relative distance between the sea surface and the 
datum line of the Mareogram. 


Hamada. 


Wajima, 


Iwasaki. 


Otaru. 


Mean. 


January. 

February. 

March. 


mm 

307 
396 
319 


mm 

226 
330 
305 


mm 

180 
317 
277 


mm 

159 
278 
225 


mm 

218 
330 

282 
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Month. 


Belative distance between the sea surface and the 
datum line of the mareogram. 




Hamada. 


Wajima. 


Iwasaki. 

mm 

211 


Otaru. 


Mean. 


April. 


ram 

307 


mm 

289 


nira 

162 


mm 

242 


May. 


149 


154 


135 


119 


139 


June. 


117 


109 


136 


93 


114 


July. 


83 


69 


112 


103 


92 


August. 


34 


25 


79 


79 


54 


September. 











70 


18 


October. 


112 


73 


107 





73 


November. 


206 


180 


170 


66 


156 


December. 


192 


158 


155 


89 


149 



Table VII. Mean Monthly Barometric Pressure*. 

Japan Sea coanU 1902. 



Month. 


Hamada. 


Wajima. 


Aomori. 


Sapporo. 


January. 


mm 

764.4 


mm 

763.6 


mm 

760.3 


ram 

757.22 


February. 


66.5 


66.1 


63.3 


60.09 


March. 


62.5 


63.1 


61.6 


59.27 


April 


60.6 


61.2 


58.4 


65.20 


May. 


57.5 


58.7 


58.3 


56.32 


June. 


54.4 


56.1 


56.1 


62.23 


July. 


55.0 


55.7 


56.0 


55.06 


August. 


55.8 


57.4 


59.0 


57.78 


September. 


56.5 


57.1 


58.7 


57.90 


October. 


63.8 


64.2 


64.3 


62.24 


November. 


65.1 


65.7 


65.1 


62.79 


December. 


62.5 


62.2 


61.1 


59.66 



^ Reduced to the freeadng point and the sea level. 
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Table VIII. Comparison of the Height of Sea Surface 

with the Barometric Pressure. 
Japan Sea coast. 1902. 



Month. 


Relative Height 
of Sea Surface. 


Belative Baro- 
metric FresHure. 


Relative Total 

Pressure at the 

Sea Bottom. 


January. 


mm 

112 


mm 

5.94 


ram 

193 

* 


February. 





8.76 


119 


March. 


48 


6.17 


132 


April. 


88 


3.41 


134 


May. 


191 


2.26 


222 


June. 


20G 


1.77 


230 


July. 


238 


0.00 


238 


August. 


276 


2.05 


304 


September. 


312 


2.11 


341 


October. 


257 


8.20 


368 


November. 


176 


8.98 


298 


December. 


181 


5.93 


262 



As will be seen from Table VI, the sea-level was lowest in 
February, and higliest in September or October. The annual 
amounts of fluctuation of the mean monthly height of sea-level 
at Hamada, Wajima, Iwasaki and Otaru were respectively 396, 
330, 317, and 278 mm, decreasing from the south to the 
north. 

From Table VIII, the annual variation of tlie barometric 
pressure will be seen, as in the case of the places on the Pacific 
coast, to bo nearly the reverse of that of the height of sea- 
level. Now the amount of fluctuation of the mean monthly 
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barometric pressure, averaged from the observations at Hamada, 
Wajima, Aomori, and Sapporo, was 8.98 mm, which corresponds 
to 8.98x13.6 = 122 mm height of water. On the other hand, the 
annual fluctuation of the mean monthly height of sea-level, averaged 
from the observations at the four places of Hamada, Wajima, 
Iwasaki, and Otaru, was 312 mm. Along the Japan Sea coast, 
therefore, the fluctuation of the height of sea surface was opposite 
to, and nearly 2.6 times larger than, the corresponding fluctuation 
of the barometric pressure. In other words, the sea bottom is 
subjected to a greater total pressure in the summer months than 
in February, March, and April, the difference between the maximum 
and minimum total pressures being equal to 249 mm of water 
column, which is equivalent to 18.3 mm of mercury, and almost 
exactly twice the amount of fluctuation of the barometric pressure. 
The results containnd in Table VIII are illustmted in Figs. 6,7, and 9. 
Comparison of the observations on the Pacific and Japan 
Sea coasts. According to the observations in 1902, the variations 
during the year of the height of sea surface and tlie barometric 
pressm'e on the Pacific and Japan Sea coasts were as follows : — 

(A). Amount of Fluctuation of the Mean Monthly Values. 1902. 



Place, 



Pacific C!oast. 

(Ayukawa and Misoki) 

Japau Sea Coast 

(Hamodtt, Wajima, 
Iwasaki, Otaru). 



Barometric I Height of Sea 
Pressure. Surface, 

(mercury column) (water column) 



iiim 



9.3 



8.98 



mm 

248 



312 



Total Pressui^e 
at Sea Bottom, 
(water column) 



mm 

206 



249 
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Again from the observations in 1903 and 1904, we obtain 
the foliowins: results. 



(B). Amount of Fluctuation of the Mean Monthly Values. 

Pacific Coast. 1903 and 1904. 



"PI fly*** 


Barometric 


Height of Sea 


Total Pressure 


X IOAjO 


Fressme. 


Surface. 


at Sea Bottom. 




(mercury column) 


(water column) 


(water oolamn) 


Ayukawa, Misaki . . 
1903. 


mm 

8.1 


mm 

214 


nim 

198 


Choshi 1904. 


6.3 


236 


224 



The relation between the height of sea surface and the 
barometric pressure, which may change from year to year depends 
without doubt on geograhphical features of a given coast. But. 
according to the two above tables, the different fluctuations were 
contained within fairly uniform limits, the annual variation of the 
height of sea surface being from 214 to 312 mm, and that of 
the total pressure at the sea bottom from 198 to 249 mm. 
There was no marked difference in these respects between the 
Pacific and Japan Sea coasts. Taking the simple averages from 
(A) and (B), we obtain the following mean values of the annual 
variation : — 

Barometric Pressure 8.17 mm of mercury =111 mm of water. 

Height of Sea Surface 253 mm of water. 

, Total Pressure at Sea Bottom. . 219 mm of water. 

Thus the amount of fluctuation of the total pressure at the sea 
bottom was 219 mm, which is greater than that of the barometric 
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pressure in the ratio of 197 : 100, or very nearly in the ratio of 
2:1. The sea bottom pressure is maximum in October or Sept- 
ember, and minimum in February to April. 

The increase during the summer months in the height of 
sea level, as above described, is to be explained, partly by the 



Japan Sea ^ Pacific Ocean 




fall in that epoch of the year of the barometric pressure over 
Japan and the neighbouring seas, and partly by the presence of 
a high pressure centre on the northern Pacific in the vicinity of 
the Aleutian Islands. Thus, if b and c (see the annexed diagram) 
represents the normal, or mean, level of the sea, the latter will 
be depressed to 6' and c' through the influence of the high 
pressure area at c, and elevated along the coasts of Japanese 
Islands under the influence of the low pressure at a, the result- 
ing equilibrium surface of water being a curved form, 6' and c'. 
Similarly the decrease of the height of sea level in the winter 
months is to be explained by the rise of the barometric pressure 
over Japan and the presence of a low pressure centre on the 
Northern Pacific. It is probable that the co- existence of the 
centres of high and low barometric pressures respectively over 
the land and the ocean (or vice versa) causes, by the superposition 
of the effects, the amount of the annual variation of the height of 
sea to be approximately double that of the atmospheric pressure. 
Seismic frequency and total pressure at sea bottom. 
To compare the annual variation of the frequency of earthquakes 
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of submarine origin with that of the total pressure at sea bottom, 
I indicate in the following table the mean monthly percentage 
numbers of earthquakes for Nemuro, Miyako, Ishinomaki, Kochi, 
and Hamada ; the figures being based on the data given in the 
"Publications of the Earthquake Inv. Comm.", No. 8. Of these 
five places, each of which is disturbed mostly by earthquakes of 
submarine origin, the first four are situated on the Pacific coast 
of Japan, and the remaining one on the Japan Sea coast. 



Table IX. Annual Variation of Seismic Frequency. 



Month. 


Nemuro. 

1 
1 

6.5 


Miyako. 


Ishino- 
maki. 


1 

Kochi. 


Hamada. 


Mean. 


January. 


6.2 


4.1 


1 
6.9 


1 
6.8 


5.9 


February, 


G.5 


4.4 


6.7 


11.7 


6.8 


65 


March. 


7.7 


8.1 


5.3 


9.3 


6.8 


7.8 


April. 


7.8 


10.0 


8.1 


9.3 


3.3 


P.l 


May. 


9.4 


6.9 


8.1 


4.8 


3.3 


7.1 


June. 


9.4 


9.0 


7.5 


10.5 


3.3 


8.2 


July. 


9.G 


12.2 


11.5 


8.1 


3.3 


9.8 


August. 


8.0 


12.1 


13.2 


6.9 


13.3 


10.9 


Sept3mber. 


8.4 


5.3 


10.5 


5.7 


10.0 


8.0 


Octol)er. 


9.4 

1 


9.7 


8.4 


8.1 


20.0 


10.4 


November. 


8.4 


9.0 


11.0 


8.1 


10.0 


9.4 


December. 


8.8 

I 

1 


6.9 


6.8 


10.5 


13.3 


8.6 



The mean\ seismic frequency, given in the last column of the 
above table, has been deduced from the figures for the five 
different places ; the weight of the data relating to Kochi and 
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Hamada, whose earthquake numbers were not numerous enough, 
being taken as half of that for the others. The annual variation 
of tlie mean seismic frequency thus obtained is illustrated in 
Fig. 11, wliile that of the relative total sea bottom pressure, 
deduced by taking the means of the results relating to the 
Pacific and Japan Sea coasts is illustrated in Fig. 10. 

From a comparison of Figs. 10 and 11, it will be seen that 
the frequency of submarine earthquakes follows, on the wliole, 
the variation of the total pressure at the sea bottom. Thus, the 
earthquake number is minimum in January and February, and 
maximum in August, and the sea bottom pressure is minimum in 
Februaiy to April, and maximum in September and October. 

Stronger earthquakes of submarine oriffin. The seismic 
frequencies considered in the preceding § relate essentially to 
small ordinary, or non-destnictive, earthquakes and may there- 
fore, in tlieir annual variation, be different from those of shocks 

• 

which are large. Thus, for instance, taking the 319 stronger 
earthquakes, which happened between 1902 and 190G off the 
coasts of Japan, and whose land area of disturbance was, witli 
a few exceptions, greater than 1.000 square ?'i*, we find: — 



Table X. Annual Variation of Stronger Submarine Earthquakes. 



Month. 


Number of 
Eqkes. 


Month. 


Number of 
Eqkes. 


January. 


25 


July. 


38 


Febrnarv. 


39 


August. 


27 


March. 


25 


September. 


22 


April. 


19 


October. 


28 


May. 


28 


November. 


20 


Jime. 


21 


December. 


27 



♦ 1 W = 3.927 km. neftriy. 
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Tho umiual variation of Uieao larger submarine eartliquakes, 
illustrated in Fig. 12, indicates the maximum in Febniary, and 
is, on tho whole, opposite to that of the small shocks. 
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Note on the Annual Variation of the Height 

of Level of Lake Biwa. 

By 
F. Oniori, 8c. D., 

Member of the luipeiial Earthquake luveBtigation Committee. 



With Pis XX-XXI. 



The Lake of Biwa*, in the province of Omi, is the largest 
of the sort in Japan and is situated near the middle of the Main 
Island ; its surface being about 86 metres above the mean sea 
level, and its area 46.5 square nj, or 717.2 sq. km. The observa- 
tion of the water level along the coast of the lake was made, during 
the 12 years, 1893-1904, at 22 stations, to which, since 1905, nine 
more were added ; the datum line being 282.53 shaku or 85.()1 metres 
above the mean sea level at Tenpo-san, Osaka. The mean height 
of the surface of the lake water for each month during the 14 
years, 1893-1906, obtained by taking the average of the measure- 
ments at the different places, is given in Table I. 

From Table I it will be observed that the water was 
highest mostly in December and January ; the amoiuit of the 
fluctuation, or the difference between the maximum and minimum 
monthly heights, varying between 8.18 shaku (=248 cm) and 1.40 
shaku (=42 cm.). The extreme monthly heights of the water level 

* An luxxjiiiit of the dirUviuiike zuuch aiouiuI Uie Biwa Liike hns been giveu in the 
JiuUeiin, Vol. I. No. 3. 

t 1 ri = 36 c/<5=2.4 milw*, or 3.D27 km. 
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and their difference in each of the 14 years under consideration 



are given in Table II. 



Table 1. Mean Monthly Heiirht of the Level of Lake Biwa*. 











> 


1893- 


-190C 














\Montli. 
Yenr. N^^ 


I 


n 

1 


m 


IV 


V VI 

1 1 


VU 


vm 

1 


IX 


X 


XI 


XII 


Mean. 


1893 


2.74 


2.82 

1 


2.68 


3.71 


3.93 3.90 


2.62 


1.76 


2.00 


2.69 


2.86 


2.41 


2.84 


1891 


2.24 


2.15 


2.49 


3.44 


3.47 2.30 


1.35 


0.77 


0.66 


0.28 


0.20 


0.28 


1.64 


1895 


0.61 


0.98 


2.01 


2.39 


1.78 1.49 


3.12 


6.18 


3.99 


284 


2.10 


1.44 


2.41 


18 J6 


1.56 


1.79 


2.34 


3.23 


3.26 2.42 

1 


3.02 


5.63 


9.74 


7.22 


4.51 


3.73 


4.20 


1897 


3.05 


2.92 


2.67 


3.52 


3.98 


3.05 


2.80 


2.05 


2.59 


3.72 


2.24 


1.77 


2.86 


1898 


1.90 


2.30 


2.40 


2.28 


1.95 


2.12 


2.69 


1.52 


1.71 


1.50 


0.96 


1.13 


187 


1899 


1.67 


2.19 


3.45 


3.07 


2.21 


2.02 


2.15 


1.83 


3.18 


4.29 


2.95 


1.79 


2.57 


1900 


1.49 


1.62 


1.60 


2.72 


3.16 


1.93 


1.76 


1.62 


1.80 


2.77 


2.23 


1.90 


2.05 


1901 


1.74 


1.48 


1.25 


1.71 


1.44 


0.76 


2.56 


1.70 


0.83 


0.24 


0.17 


0.04 


1.16 


1902 


-0.05 


0.06 


0.47 


1.10 


2.23 


199 


1.62 


2.33 


1.15 


1.23 


0.41 


-0.11 


1.01 


1903 


0.31 


1.78 


0.83 


2.10 


2.40 


2.34 


4.27 


2.90 


0.52 


0.56 


QM 


0.43 


1.56 


1904 


0.45 


0.24 


1 
0.58 


0.48 


0.91 


0.91 


2.22 


1.24 


1.52 


1.92 


0.94 


0.80 


1.02 


1905 


1.33 


1.41 


169 

1 


1.37 


1.17 1.29 

« 1 


2.93 


2.30 


1.73 


0.37 


0.08 


-0.02 


1.30 


1906 


1.00 

t 


1.55 
1.66 


1.90 ' 


1.27 

* 


0.61 


0.67 
1.94 


2.01 


1.17 


1.05 


1.55 
2.23 


1.25 


0.78 


1.23 


Mtan. 


1.43 


1 
1.88 


2.31 


2.32 

1 


2.65 


2.36 


2.32 


1.52 


1.17 


1.98 



* The lieigbtH ure oxpreHsed in sftakn (1 shakH = V3.3 metre), the diitam line being 
282.53 ftliaku nbove the meim 8en level ut TuniK>-siin, OMika. 



Annual Variation : the Height of Surface of 
Lake Biwa compared with the Amount of 
Precipitation and Barometric Pressure. 
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Annual Variation of the Seismic Frequency 
and the Pressure at the Lake Bottom. 



Fig. 4. Seismic Frequencj at HikoDe. 
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Table II. Maximum and Minimum Heights 

of the Lake Water. 



Year 


Maximum Height. 


Miuimum Height. 


DiiFei'euco. 


1893 


xhaku 

3.93 (Miiy) 


1 

xhdku 

1.76 (Aiig.) 


tlMkH 

2.17 


1894 


3.47 ( „ ) 


0.20 (Nov.) 


3.27 


1895 


6.18 (Aug.) 


0.61 (Jau.) 


5.57 


189« 


9.74 (Sept.) 


1.56 ( „ ) 


8.18 


1897 


3.98 (Miiy) 


1.77 (Dec.) 


2.21 


1898 


2.69 (July) 


0.96 (Nov.) 


1.73 


1899 


4.29 (Oct.) 


1.67 (Jan.) 


2.62 


1900 


3.16 (aiay) 


1.49 ( „ ) 


1.67 


y 1901 

> 


2.56 (July) 


0.04 (Dec.) 


2.52 


1902 


2.33 (Aiig.) 


-0.11 ( „ ) 


2.44 


1903 


4.27 (July) 


0.31 (Jau.) 


3.96 


1904 


2.22 ( „ ) 


0.24 (Feb.) ; 


1.98 


1905 


2.93 ( „ ) 


0.02 (Dec.) 


2.95 


1906 


2.01 ( „ ) 


0.61 (May) 


1.40 



In the following table I give the average heights of the lake 
water for the different months of the year deduced from Table 
I, and also the mean monthly barometric heights observed at the 
meteorological observatory of Hikone, which is situated on the 
south-eastern coast of Lake Biwa. 
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Table III. Annual Variations of the Height of Lake Water, 
and of tlie Barometric Pressure at Hikone. 





Lake 


Level 


Barometric Pressui*e, 


Total pressure at 
the Tiake Bottom. 


MouUi. 


(i) 


(ii) 


(iii) 


# • \ 


(V) 

Same lut 


(^i) 


(vii) 




mean 
Height. 


lleliitive 
Height. 


Monthly 
mean. 


(iv) 
Yariiition. 

mm 

6.9 


(iv), exprewml 

in eciniTolent 

oolnmn of 

water. 


Slim of 
(ii) ond (v) 


Ueliitive 
Yariiition. 


I 


»haku 

1.43 


fthnku 

0.2S 


nun 

764.5 


0.31 


fkaku 

0.57 


0.25 


n 


1.66 


0.49 


64.7 


7.1 


0.32 


0.81 


0.49 


III 


1.88 


0.71 


63.9 


6.3 


0.28 


0.99 


0.67 


IV 


2.31 


1.14 


61.9 


4.3 


0.19 


1.33 


1.01 


V 


2.32 


1.15 


59.8 


2.2 


0.10 


1.25 


0.93 


VI 


1.94 


0.77 


57.6 


0.0 


0.00 


0.77 


0.45 


VII 


2.65 


1.48 


57.6 


0.0 


0.00 


1.48 


1.16 


vni 


2.36 


1.19 


67.8 


0.2 


0.01 


1.20 


0.88 


IX 


2.32 


1.15 


59.8 


2.2 


0.10 


1.25 


0.93 


X 


2.23 


1.06 

1 


63.0 


5.4 


0.24 


1.30 


0.98 


XI 


1.52 


0.35 


64.8 


7.2 


0.32 


0.67 


0.35 


XII 


1.17 


0.00 


64.7 


7.1 


0.32 


0.32 


0.00 



With regard to the annual variation of the lake level, we 
see, from (ii). Table HI, that the difference between the maximum 
and minimum monthly heights was 1.48 shakii (=44.9 cm.), the 
corresponding change in the volume of the water of the lake 
being lO'^xS.a-i cubic metres or about 0.322 cubic km. 

As will be seen from the grapliical illustration in Fig. 1 
(PI. XX), the level was higher in April to October than during 
the otlier montlis, and its annual variation is nearly opposite to 
that of the barometric pressure (Fig. 2). The amount of iluctua- 
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tioii of the monthly mean of the latter is, however, only 7.2 mm 
of mercury (=0.32 shaku of water), or about one-fifth of that of the 
former ; the annual variation of the lake level depending probably 
almost entirely on the precipitation in the surrounding districts. 

The following table gives the average monthly amount of 
precipitation at Hikone and at Kyt)to, the latter place lx>ing 
situated some distance to the south-west of the Lake of Biwa. 



Table IV. Precipitation at Hikone and Kyoto. 



Mouth. 


Hikone 


1 Kj'oto 


Mean 


January 


mm 

76.8 


mm 

52.4 


mill 

64.(5 


Febniarv 


107.4 


62.7 


85.1 


Marcli 


145.0 


114.3 


129.7 


April 


126.1 


168.3 


147.2 


May 


77.0 


148.3 


112.7 


June 


188.7 


240.5 


214.6 


Jidy 


135.5 


182.7 


159.1 . 


Aiiguat 


189.7 


120.9 


155.3 


September 


93.4 


157.4 


126.4 


October 


137.4 


135.8 


136.6 


November 


82.7 


86.6 


84.7 


December 


101.5 


60.1 


75.8 



As illustrated in Fig. 2, the annual variation of the precipi- 
tation at Kyoto and Hikone is very similar to that of the height 
of the lake surface (Fig. 1). 

Annual variation of seistntc frequency at Hikone* 

The monthly number of earthquakes observed instinimentally at 
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tlie meteorological obsei'vatoiy of ITikono, between 1894 and 
1907, are as follows. 



Table Y. Monthly Earthquake Numbers at Hikono. 



\MonUi. 




1 


1 








1 


1 




1 








T«ir. \ 


I 


. n 

1 


' m 


IV 


V 


VI 


vn 


vra 


IX 


1 X 

1 


XI 

1 


xn 


Sum. 


1894 


20* 


6 


1 

3 

1 





1 

1 '' 


1 
7 


I 8 


1 

9 


1 


4 


3 


1 

6 


69 


1R95 


11 


1 
1 


2 


6 


I 
2 


I 


1 5 


1 


7 


7 


'' 2 

( 





51 


1896 


4 


' 1 


2 

■ 


10 


6 


13 


9 


8 


1 

; 1 


1 




2 


58 


1897 


3 


3 


4 


7 


3 


1 

1 





6 


1 


2 







31 


1898 


1 


I « 





2 





1 






4 





1 


•■ 





10 


1899 


3 


2 


1 « 


2 


5 


2 













1 
1 


1 


26 


1900 


1 





■ 

2 


1 


2 


3 




1 


3 


6 


1 
1 7 

1 


3 


31 


1901 


2 


2 


1 


1 


1 


1 


'^ 


^ 


2 




1 







10 


1902 


2 


1 


3 





2 


4 


,^ 


1 


2 


; 1 







19 


1903 


1 


1 


3 













1 





' 




1 


12 


1904 


1 





1 


1 


2 


3 





1 


1 


1 







12 


1905 


1 


; 1 


1 








4 





5 


1 


4 





3 


20 


190G 


6 


3 


1 1 


5 


5 


1 


3 


5 


1 


2 


1 






32 


1907 

« 


2 


4 


3 


R 


5 


4 


1 i 

2.6 


1 
3.1 


1 


3 


' 1 

2.0 





33 


Mean, 


2.9 


1.8 


2.3 


3.1 


2.5 


3.1 


1.5 


2.3 


1.6 





As shown in Fig. 4 (PI. XXI), the annual variation of the 
seismic frequency at Hikone indicates the maximum in August, 
differing in this respect from those for the other stations, such 
as Kyoto, Nagoya, and Kumamoto, which are shaken more by 
earthquakes of inland origin, and whose seismic fi'equency is 
generally minimum in SummerJ. Now, according to Table III, 

♦ Fxcltuled in dedncing the mean fre<inency, being duo to the ftbun<lanoe of after-RhockH 
of the Kcvere Mino-Ownri enrthqimke of ,lnn. 10, 1804. 
J See the " Publiofttions," No. 8. 
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the total pressure at the lake bottom, or the sum of the water 
and atmospheric pressures, is maximum in July, and its annual 
variation is somewhat similar to that of the height of the water 
level. The change of pressure at the bottom of the lake, whose 
mean annual amplitude is 1.16 shaku (=35 cm), or 3.6 times 
greater than that of the barometric pressure, may possibly be 
the cause of the annual variation of the seismic frequency pecu- 
liar to Hikone. 
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Idst of the Stronger Japan Earthquakes, 

1902-1907. 

Bj 

F. Omori, 8c D., 

Member of the Imperial Earthquake Investigation Committee. 

The total number of earthquakes, which originated in or 
about Japan during the last six years, 1902 to 1907, was 
9,628, giving the average yearly frequency of 1,605, as 
follows . — 

Year. Number of ec^kes, 

1902 1,488 

1903 1,349 

1904 1,230 

1905 1,963 

1906.. 1,792 

1907 1,806 

Among these earthquakes which were mostly slight and local, 
there were 621*, which were extensive, and whose land area of 
motion, as observed with ordinary Gray-Ewing-Milne type seis- 
mogmphs, was over 1,000 square ri (1 n= 3.927 km). The an- 
nual frequency of these larger earthquakes varied between 76 
and 132, as follows: — 

* Including a few typical earthquakes of inland origin, whoee area was between 500 and 
1.000 sq. rL 
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59 



Monthly and Yearly Numbers of Larger Earthquakes. 

Whole Japan. 1902—1907. 



^^^v,^^ Year. 
Month, ^^^^s^^ 


1902 

• 

10 


1903 
5 


1904 


1905 
7 


1906 


1907 

7 


Sum. 


January. 


2 


14 


45 


February. 


13 


11 


2 


14 


8 


5 


53 


^larcb. 


11 


10 


10 


6 


20 


15 


72 


April. 


4 


5 


9 


7 


14 


12 


51 


May. 


13 


2 


10 


5 


19 


9 


58 


June. 


5 


4 


9 


29* 


3 


4 


54 


July. 


8 


10 


13 


14 


7 


8 


60 


August. . 


i 


7 


8 


9 


10 

• 


6 


44 


September. 


8 


8 


(I 


13 


5 


8 


48 


October. 


4 


3 


8 


12 


12 


11 


50 


November. 


7 


5 


G 


5 


10 


9 


42 


December. 


8 


6 


6 
89 


11 
132 


6 


7 


44 


Sum. 


95 


76 


128 


101 


621 



The unusually large monthly number of 29 for June 1905 (marked 
with an asterisk) was due to the oecun'ence of the strong 0-shima 
and Inland Sea earthquakes and their after- shocks. The average 
yearly seismic frequency is about 104, or at the rate of nearly 
twice per week. 

The land area of sensible motion of the 621 earthquakes 
under consideration varied between about 100 sq. ri to over 20,000 
sq. ri, the numbers of the shocks of diflTerent extension being as 
shown in the following table. 



GO 



F. Omori: 



Numbers of Eartliqiiakes of Different Land Areas of 

Sensible Motion. 



Land aren, of sensible 


Number of 


Land area of sensible 


Number of 


motion. 


eai'tkqnakes. 


motion. 


eartliqiiakes 


Rq. rl. 

nudei- 500 


58 


7,501 8,000"" 


6 


501 1 ,000 


112 


8,001 8,500 


7 


1,001 1.500 


86 


8,501 9,000 


4 


1,501 2,000 


82 


9,001— 9,500 


1 


2,001-2,500 


59 


9,501 10,000 


1 


2,501 3,000 


36 


10,001—10,500 


3 


3,001 3,500 


35 


10,501—11,000 


4 


3,501—4,000 . 


23 


11,001 11,500 


1 


4,001 4,500 


22 


11,501 12,000 


2 


4,501 5,000 


16 


12,001 12,500 


1 


5,001 5,500 


15 


12,501—13,000 





5,501—6,000 


19 


13,001 13,500 





6,001 6,500 


8 


13,501 14,000 


1 


6,501—7,000 


. 10 


14,001—14,500 


1 


7,001—7,500 


7 


14,501 15,000 




• 






• 

20,501—21,000 


• 

i 



Confining our attention to those earthquakes, whose land area 
of sensible motion was over 500 sq. ri, we see from the above 
table that the areas of the majority of these are included between 
• 501 and 6,000 sq. ri. Especially, the earthquakes of the ai'ea 
between 501 and 2,000 sq. ri were numerous, and their total 
number, namely, 280, is very nearly equal to that of all the 
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shocks of the area between 2,001 and 21,000 sq. n, namely, 283. 
Very extensive disturbances happened of course not very frequently, 
and there were only 16 earthquakes, whose area of sensible 
motion was over 9,001 sq. ri. 

PI , XXII graphically iUusti'ates the variation of the frequency 
of earthquakes of the different land areas of sensible motion. 
The mean curve seems to be approxipaately a logarithmic curve, 
becoming quickly asymptotic with the increase of the area. 

The accompanying list, which has been compiled, with a few 
corrections, from the seismological notes in the successive monthly 
numbers of the *'Kisho Yoran " {Weather Review) published by 
the Central Meteorological Obsers^atory, gives for each of the 621 
strong and moderate earthquakes under question, the following 
particulars : — 

(1). Date. 

(2). Approximate time of earthquake occmTeuce at the epiceutre. 

The time used is that of longitude 135® E. of Greenwich, namely, 
tlie Ist Normal Japan Time. 

(3). Appi*oximate indication of the ix>.sitiou of the e^i-thquake origin. 

(4), (6). Longer and sliorter axes of the land area, within which the 
motion was intense enough to lie I'ecorded by the ordinary Gray- 
Ewing-Milne type seismogi-aphs , the seismic distiu-bance being 
sensible only in a portion of the region thus determined. 

(6). Land area of distm-bance of droYKj motion. 

(7). „ „ „ „ „ moderate 

(8). „ „ „ „ „ sVujlt 

(9). Total J land ai'ea, within which the earthquake motion wn.^ sensible 
this being eijuivalent to the sum of (6), (7), and (8j- 

The length and area are expressed in vi and square ri I'cspec- 
tively. These may be converted into kilometers and miles by 
the following relations : — 



>5 



»» 
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F. Omori: 



1 



1 ii=d.93 km =2.44 miles. 
1 sq. W =15.42 sq. km =5.96 sq. mfles. 



For the names and positions of the different provinces, the reader 
is referred to the key map of Japan given in the "Bulletin," 
Vol. I, PI. XXVII. 

The intensity of ordinaiy, or non-destructive, sensible motion 
is here indicated as " strong," " moderate," or '* slight." A 
** slight " shock is one which is very feeble and just strong 
enough to be felt ; a " moderate " shock is one whose motion is 
well pronounced, but not so severe as to cause general alarm ; 
and, finally, a " strong " shock is one which is sufficiently intense 
to cause people to nin out of doors, to throw d«wn furnitures, 
to produce slight cracks of walls, etc. 

021 STRONGER JAPAN EARTHQUAKES. 1902-1907. 



« 




Total area 
of 




Area 


of 


(1) 


l2) " (3) 


distnrl 
(4) 

Longer 

■ Xlfl 


mnce. 


1 


sensible motion. 


Dnte. 


Time of 
occurrence. ! 


Origin of 
disturbrtnce. 


(5) 

Shorter 

HXiA 


(6) 
Strono 
motion 


(7) 

Maierote 
motion 


(8) 
Sltgbt 
motion 


(9) 
Sum 


1902 




. 


W. 


H. 


eici,ri 


sq. »i 


sq. rt 


sq. ri 


Jan. 1 


0»'20™ a.m. Off the E. coftst of Mutsu. 


250 


100 


— 


400 


2.700 


3,100 


3 


1 Ai\ « ^ f Boundary between Kii and 


140 


80 


190 


380 


1.230 


1,800 


4 


6 09 A.m. oaf the const of Hitachi. 


160 


120 


•^■^ 


1.050 


3,850 


4.900 


5 


4 04 p m. ' Vicinity of Mito (Hitachi). 

1 


70 


60 




250 


1.500 


1.750 


14 


9 01 a.m. S. part of Hida. 

1 


110 


70 




250 


2.550 


2.800 


17 


4 18 a.m. Central (mrt of Sagami. 


lUO 


50 


70 


230 


1,500 


1.800 


18 


4 38 a.m. 


Off the E. coast of Mutsu. 


250 


150 


200 


1,900 


4.850 


6,950 


29 


11 25 p.m. 


„ ,, coast of Hitachi. 


200 


100 


— 


1.450 


5,600 


7.050 


30 
31 


11 01 p.m. 
10 42 a.m. 


I „ .. E. const of Mutsn. 

f=39°09'NA=14H°3rE. 
(OS the coast of Mutsn. 

*=40P50'N,A=144*'13'E. 


350 

280 


250 

220 


2,000 
650 


5.400 
3.950 


6.300 
6.000 


13.700 
10.600 






0) 
(0 



;<: 

CO 

3 

I! 

CO 

U 



cr 

(0 

O 
O 

to 

4) 
> 



(0 

C 

o 
o 

0) 



±: 

CO 

CO C 
O CO 

c ^ 
cr CO 

c 




List of the Stronger Japan Enrthquakes, 1902-1907. 



6S 



• 


-. 




- 


Total area 
of 




Area 


of 


(1) 


(2) 

Time of 

oocurrence. 

- 


(3) 

Origin o£ 
disturbance. 


disturbance. 


sensible motion. 


Date. 


(4) 

Longer 

axia 


(5) 

Bbortar 
axia 


(6) 
Slrong 
motion 


(7) 

Moderate 

motion 


(8) 
SUgid 
motion 


Sum 


1902 








ri 


ri 


sq.H 


sq. ri 


sq. ri 


sq. ri 


Feb. 2 


2^52" 


'a.m. 


Off the coast of Rikuchu. 


120 


60 




280 


1.620 


1,900 


6 


7 18 


ajn. 


City of Ktunamoto (Higo.) 


60 


20 


— 


460 


510 


970 


f» 


9 05 


pm. 


t* 


70 


60 


— 


750 


1,150 


1,900 


7 


10 01 


p.in. 


Off the £. const of Mntsu. 


180 


100 




270 


3,670 


3,940 


8 


Si 


p.m. 


„ of Kemuxo. 


80 


50 


190 


40 


460 


690 


11 


11 50 


p.m. 


Bay of Owari. 


40 


20 


— 


190 


420 


610 


17 


8 30 


pjn. 


Off the coast of Hitachi. 


100 


80 


— 


580 


1,380 


1,960 


20 


10 50 


a.m. 


Hachijo-jima. ' 


190 


150 


— 


650 


6^550 


7,200 


21 


35 


a.m. 


Off the E. coast of Mutsu. 


260 


170 


370 


2.960 


7.4U0 


10,730 


t» 


8 29 


a.m. 


Do. 


200 


no 


10 


1.000 


4,580 


5,590 


26 


10 19 


a.m. 


Off the coast of Rikuchu. 


190 


130 




770 


2.660 


3,430 


27 


01 


p.m. 


Hidaka. 


130 


80 


— 


220 


2,330 


2.550 


f» 


11 18 


p.m. 


„ Iwaki. 


140 


60 


60 


620 


2,560 


3.240 


28 


5 41 


p.m. 


N. XMirt of Ise. 


40 


30 




300 


980 


1.280 


]&InTcli 1 


1 33 


p.m. 


Off the coast of RikuehQ. 


140 


120 




380 


2.640 


3,020 


•» 


8 23 


p.m. 


N. part of Yamato. 


70 


50 


90 


330 


1,330 


1.750 


3 


9 13 


a.m. 


Vicinity of Sahara (Bhimosa). 


180 


1 160 

1 




1,500 


6,550 


8.(60 


«f 


10 37 


p.m. 


Tsugaru Strait. 


110 


! ^° 


10 


430 


2.550 


2,990 


6 


9 35 


p.m. 


Kii Channel. 


50 


30 


90 


190 


650 


930 


10 


2 35 


p.m. 


W. part of Hitachi. 


150 


120 


— 


2,000 


3,970 


5,970 


12 


10 48 


a.m. 


Uiaga Channel. 


70 


! 60 

1 




190 


1,500 


1,690 


20 


10 59 


a.m. 


Tainan (Formosa). 


500 


! 200 


50 


200 


2,250 


2,500 


»« 


11;19 


a.m. 


Do. 


200 


100 




600 


1,400 


2,000 


23 


6 17 


p.m. 


Central part of Settsu. 


90 


60 


70 


1,550 


1.590 


3,210 


25 


2 35 


p.m. 


Yidnity of Sahara (Shimosa). 


220 


180 


240 


2,520 


5.150 


7,910 


April 1 


5 32 


ajn. 


£. part of So0&mi. 


100 


40 




240 


2,290 


2,530 
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Total area 




Area of 


(1) 


(2) 
'lime of 


<3) 
Origin of 


diatnr' 
(4) 


bance. 




senafale motion. 


Date. 


(5) 


(6) 


a) 


(8) 


W 




occurrence. 


dltthirbance. 


Lotifter 


8'iorter 


strong 


MoOtraU 


8U9ht 


#^ 










fixU 


RXU 


motioD 


motion 


motion 


Sanu 


r902 








ri 


ri 


sq. ri 


sq. ri 


aq. ri 


sq. ri 


April. 5 


7h23n 


'p.in. 


(Bay of Tokyo. 

1 f = 35° 26' N, X = 139° 45' E 


130 


100 


— 


2,050 


3,580 


5,630 


6 


2 13 


ii.m. 


j Bay of Tokyo. 

1 9=35^* 31' N. X = 139° 49' E 


70 


60 




870 


1,130 


2,000 


19 


9 17 


a.m. 


N port of Mino. 


70 


50 


30 


270 


1,450 


1,750 


May 2 


8 31 


p.m. 


Off the coast of Bikuchn. 


250 


200 


— 


1,360 


2,750 


4.110 


5 


7 05 


a.in. 


Karita-oounty, Iwaki. 


60 


40 


10 


210 


800 


1,060 


6 


8 33 


a.m. 


Off the E. coast of Kii. 


100 


40 




320 


1.7<» 


2.0S0 


8 


11 '19 


a.m. 


Vicinity of Tanega-Hhima. 


200 


100 


740 


1,170 


2,710 


4,620 


15 


7 38 


a.m. 


Vicinity of Kasamjga-nra. 


40 


30 


70 


210 


870 


1,150 


16 


9 39 


ajn. 


Eoshi-county, Echigo. 


90 


60 




430 


2,620 


3.050 


17 


1 18 


p.m. 


Off the coast of Hitachi. 


90 


70 




360 


1,320 


1,680 


24 


5 03 


am. 


S. part of Ise. 


60 


50 


40 


530 


870 


1,440 


»f 


11 30 


pjn. 


N. xxirt of lae. 


100 


80 


90 


1,570 


2,350 


4.010 


25 


8 29 


p.m. 


Minamitsnm county, Eai. 


160 


130 


390 


1,620 


3,810 


5,820 


t« 


9 07 


p.m. 


Do. 


120 


80 


110 


790 


3,420 


4,320 


»♦ 


10 15 


p.m. 


Do. 


70 


50 


70 


370 


1,610 


2,050 


28 


02 


l).m. 


S. xnrt of KuHhiro. 


330 


200 


430 


1,560 


5,650 


7,640 


June 2 


9 28 


pjn. 


Off the S. coast of lai. 


120 


80 


200 


900 


1,500 


2,660 


13 


9 22 


a.m. 


Off the 8. coast of KufOiiro. 


300 


200 


300 


1.500 


6,100 


7,900 


20 


5 49 


p.m. 


Sano (Shimotsuke). 


180 


150 


470 


1,660 


6,170 


8.300 


23 


7 42 


a.m. 


/Bay of Tokyo. 

^ = 35** 26'N, \=139° 50'E 


190 


160 


450 


1,830 


5,220 


7,500 


29 


2 29 


a.m. 


Off the coast of Rikuchu. 


2'X) 


150 




8iO 


2,820 


3.660 


July 1 


2 01 


ajn. 


N. part of Sagami. 


100 


80 


— <- 


540 


2.800 


3,340 


•« 


5 19 


pjn. 


Off the coast of Rikuchu. 


260 


180 




1,080 


3,810 


4,920 


8 


11 05 


p.m. 


„ E. coast of Mutsu. 


300 


*200 


160 


1.840 


6000 


8,000 
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1 


Total area 
of 




Area of 


(1) 


(2) 

Time of 
occuzrence. 


(3, 

Origiii of 
disturbanoe. 


disturbance. 


1 


sensible motion. 


Date. 


w 

Longer 


(5) 

Shorter 


(6) 
Strong 


(7) 
JUtOerate 


(8) 
SUgM 


(9) 










axU 


KXlK 


motion 


motion 


motion 


Sum 


1902 

July 9 


2h42« 


^a.m. 


(Off the ooaHt of Amnkusa 
l(Higo). 


ri 
50 


ri 
40 


Hq. ri 


sq. ri 
470 


sq. ri 
900 


sq. ri 
1.370 


10 


7 57 


p.m. 


M Mutsn 


250 


150 


— 


1,400 


4,350 


6.750 


11 


8 57 


a.m. 


„ Izu. 


130 


80 


— 


260 


2.190 


2,450 


•t 


10 U3 


ajn« 


„ NE coast of Kemuzo. 


300 


150 


— 


200 


3,200 


3,400 


26 


7 51 


a.m. 


„ E coast of Awa 
t peninsula. 


180 


100 


— 


380 


3.170 


3,550 


Aug. 7 


36 


p.m. 


Bay of Tokyo. 


160 


70 


— 


720 


3.550 


4,270 


9t 


6 22 


p.m. 


Off the coast of Mutsu. 


250 


150 


— 


280 


5.320 


5.600 


8 


8 37 


ajn. 


Sahara (Shimosa). 


200 


120 


60 


480 


3,890 


4.4.30 


19 


8 43 


p.m. 


Off the coast of Hidaka. 


ISO 


80 


— 


290 


1.570 


1.860 


Sept. 3 


11 55 


Ajn. 


Off Kinkazan (Rikuzen). 


150 


100 


10 


600 


2.790 


3.400 


4 


10 57 


p.m. 


Off the coast of Awa (Bhikoku). 


80 


60 


130 


830 


920 


1,880 


16 


3 19 


a.m. 


Nakano (Sagnmi). 


70 


40 


— 


100 


1,550 


1,650 


17 


6 23 


p.m. 


Sea of lyo. 


60 


30 


— 


150 


1,180 


1.330 


22 


5 43 


a.m. 


Off Kinkazan (Rikuzen). 


180 


100 


170 


1,130 


3.400 


4.700 


23 


11 30 


X).m. 


Sea of Aki. 


60 


50 


210 


740 


1.240 


2.190 


26 


11 51 


a.m. 


Hixchiman (Mino). 


60 


40 




280 


1,120 


1.400 


28 


8 18 


p.m. 


Off the coast of Tokachi. 


250 


100 




200 


1.850 


2.050 


Oct. 5 


4 24 


pjn. 


Bay of Ibuii. 


170 


90 




1,200 


3.900 


5.100 


12 


10 24 


njn. 


Bay of Tokyo. 


70 


40 


— 


430 


1.200 


1.630 


16 


1 57 


n.m. 


Off the coast of Hitachi. 


100 


70 


— 


650 


1,950 


2.600 


25 


9 33 


a.m. 


M Iwaki. 


100 


80 


— 


980 


1.380 


2,360 


Nov. 5 


5 49 


p.m. 


f Vicinity of Tsukuba-San 
((Hitachi). 


50 


40 




120 


930 


1.050 


6 


11 17 


n.m. 


Vicinity of Etrup Island. 


300 


200 


— 


100 


1.770 


1,870 
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(1) 
Date. 



r902 



Nov. 



7 
13 

>i 
21 



Dec. 



t» 



9 
11 
14 
17 
31 

r903 



Jfin. 



5 



18 
30 
31 



Feb. 



8 
13 
14 



(2) 

Time of 
occurrenoe 



3»'58» p.m. 

4 31 a.m. 

8 15 A.m. 

8 35 a.m. 

4 03 pjn. 

6 12 a.m. 

47 p.m. 

3 59 p.m. 

1 53 n.m. 

5 06 a.m« 

1 57 p.m. 

9 49 a.m. 

2 38 p.m. 

5 27 p.m. 

8 44 A.m. 

9 13 p.m. 
1 44 p.m. 

1 47 a.m. 

2 55 A.m. 

4 59 A.m. 
9 14 pjn. 
4 45 A.m. 
45 p.m. 
4 48 p.m. 



(3) 

Origin of 
(UshirliAiice. 



Off the coast of Iwaki. 
Kanayama (Mino). 
Off ChofOii (ShimoBA). 
Off the coast of Iwaki. •' 
Vicinity of Koahnn (Formosa). 

Tainan (Fonnosa). 
Off the coast. of Iwaki. 

Do. 
Sugito (MusaBhi.) 
Vicinity of Yakii-shima. 
Mizukaido (Shimosa). 

Off the coast of Iwaki. 

fMiznkaido (Shimosa). 
9=35** 59'N, A=139° 55'E 

Off the coast of lyo. 

Shimosa. 

Off the coast of Hidaka. 

Do. 

(Off the SE. coast of Awa 
(Peninsula. 

Off the S£. coast of Nemuro. 

Vicinity of Saruhashi (Kai). 

(Some distance off the coast 
(of Iwaki. 

Off the coast of Sendai. 



»i 



t« 



Hitachi. 
Iwaki. 



Total area 

of 

disturbance. 



(4) 

LoDicer 

axU 



(5) 

Shorter 

axlM 



Ti 
70 

50 

80 

120 

200 

120 
100 
90 
80 
150 
170 
100 
250 



120 
70 
220 
140 
250 

250 
100 
3£0 
180 
90 
130 



Area of 
sensible motion. 



(6) 
motion 



Ti 

60 
30 
70 
90 
100 

60 

90 

70 

40 

100 

100 

80 

120 



60 
30 

130 
90 

180 

100 
40 

200 
90 
60 
60 



sq.n 



260 
200 



60 

30 

200 

120 

360 



220 



70 



10 

100 

130 

30 

70 



(7) 


(8) 


M<atrai9 


Slight 


motion 


motion 


sq. ri 


sq. n 


340 


1.380 


280 


1,070 


20 


1,330 


090 


2,550 


800 


1,300 


750 


. 750 


480 


2,040 


150 


1,170 


900 


1,340 


780 


790 


2.200 


4,790 


230 


2.000 


2,450 


5.980 


1,060 


2.780 


210 


1,190 


990 


2.960 


450 


3.300 


300 


8,*200 


150 


1.370 


760 


2.C60 


2.450 


9.350 


810 


5,160 


440 


1,480 


680 


1.960 



(9) 
Sum 

sq.n 
1,720 

1,350 

1,350 

3,800 

2,300 

1,500 
2,520 
1,320 
2,300 
1.600 
7,190 
2,350 
8,790 

4,060 
1,400 
4,020 
3,750 
8.500 

1.520 
2.830 
11,9IX) 
6,100 
1.950 
2.710 
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Total area 
of 


Area 


of 


(1) 


(2) 


(3) 


disturbance. 


sensible motion. 


Date 


Time of 
oocairenoe 


Origin of 
disturbance. 


Longer 
axil 


(5) 

Shorter 

axis 


(6) 

stromg 

lUOCiOD 


(7) 

Moderate 

motion 


(8) 
Slight 
motloo 


(9) 

Sum 


1903 








ri 


ri 


sq. ri 


sq.ri 


sq. ri 


eq. ri 


Feb. 18 


11^»36« 


'a.m. 


OS the coast of Iwaki. 


90 


60 


— 


200 


1.950 


2,150 


20 


7 30 


pjn. 


„ Mutso. 


130 


90 


— 


290 


1.030 


1,320 


23 


1144 


pjn. 


Yidnityof Ashio (Shimotsuke) 


70 


50 


— 


300 


2.270 


2,570 


26 


19 


a.m. 


Off the coast of Iwaki. 


150 


80 




800 


2,770 


3,570 


28 


7 07 


p.m. 


„ Higo. 


80 


60 


9 


1.240 


1,440 


2,770 


March 12 


5 35 


a.m. 


f Vicinity of Seldymlo (Shimo- 
jsa). 


90 


40 


— 


380 


2.010 


2.390 


>» 


9 11 


pjn. 


Bango Strait. 


120 


90 


60 


940 


2.710 


3,710 


13 


1 11 
3 04 


p.m. 
p.m. 


1 Vicinity of Toehigi (Shimo- 
Itsoke). 

Vicinity of Kanagawa (Mu- 

sashi). 


50 
110 


30 
50 


— 


190 
.100 


1,990 
2.630 


2.180 
2.930 


21 


7 36 


p.m. 


OS the coast of Sud. 


270 


150 


1.210 


4,610 


.6.640 


12,4(iO 


»• 


11 57 


pm. 


Do. 


80 


50 




430 


2,070 


2,500 


22 


6 12 


am. 


Do. 


90 


50 


— 


450 


2,270 


2.720 


26 


59 


a.m. 


„ Awa peninsnia. 


130 


60 


— 


190 


1,730 


1.920 


•• 


8 21 


a.m. 


Biknzen. 


180 


120 




110 


5.860 


5.970 


31 


11 01 


a.m. 


Do. 


200 


100 




450 


4.320 


4.770 


April 1 


11 09 


pjn. 


Do. 


200 


80 




1.220 


4.430 


5,650 


17 


4 08 


a,m. 


„ E. coast of Nemuro. 


120 


60 


230 


450 


680 


1,360 


19 


7 48 


pjn. 


^ coast of Kazusa. 


110 


70 


— 


510 


1.310 


1,820 


21 


8 50 


p.m. 


Sarnhaahi (Kai). 


90 


40 


10 


450 


2.050 


2.510 


22 


5 02 


a.m. 


jBonndary between Shimosa 
and Shimotsuke. 


120 


50 


140 


1.200 


2.200 


3,540 


May 6 


8 52 


a.m. 


Do. 


80 


40 




230 


1.440 


1,670 


10 


3 19 


a.m. 


OS the coast of Iwaki. 


170 


110 


270 


1,400 


2.880 


4.550 


JuDe 2 


7 59 


p.m. 


„ E. coast of Mutsii. 


150 


90 


— 


430 


1,110 


1,540 
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F. Omori : 











Total area 
of 




Area 


of 


(1) 


(2) 

Time of 
occurrence. 


(3) 

Oxigia of 
clisturbnnce. 


disturbance. 


sensible motion. 


Dfite. 


Lonir«r 
axlA 


(5) 

Shorter 

axU 


(6) 

Strong 
motion 


(7) 

Moderate 

motion 


(B) 
Slight 
motion 


(9) 

Sum 


r903 








rl 


ri 


sq. ri 


H<l»ri 


SKI, ri 


Sii. ri 


June 3 


0b28« 


'p.m. 


Vicinity of Hftchijo-jimA. 


180 


100 


20 


270 


2,530 


2.820 


7 


8 38 


a.m. 


Bonndny between Shimosa 
and Shimotsuke. 


50 


30 




290 


730 


1.020 


It 


6 07 


p.m. 


Gimn (Formosn). 


350 


? 


850 


1,400 


150 


2,400 


July 1 


9 10 


n.m. 


Off the const of Ilitncbi. 


300 


180 


660 


3,270 


6,630 


10,560 


3 


2 20 


a.m. 


Hyugtt. 


70 


60 


— 


300 


850 


1,150 


G 


3 19 


njn. 


W. part of Hitachi. 


80 


60 


— 


680 


1.710 


2.390 


»» 


1 59 


p.m. 


^ea of iBe. 


220 


riO 


500 


3.050 


5,360 


8.910 


9 


3 00 


p.m. 


N. part of Sagami. 


9U 


50 


40 


390 


2,660 


3.090 


12 


1 56 


p.m. 


Tainan (Formoea). 


100 


70 


— 


500 


1.800 


2.300 


15 


4 51 


n.m. 


$^no (ShimotRuke). 


70 


40 




230 


2.430 


2.660 


16 


9 24 


p.m. 


Off the coast of Hyiign. 


120 


100 




900 


1,960 


2,860 


17 


10 50 


a.m. 


Central x»rt of Kii. 


100 


60 


130 


400 


1,070 


1.600 


21 


2 06 


p.m. 


Tochigi ( ShimotHuke). 


70 


40 




390 


1,510 


1.900 


Aug. 10 


1 40 


p.m* 


jHirayu, YoKhiki county, 
iHida. 


100 


50 


40 


'530 


3,300 


3,870 


»» 


1 46 


p.m. 


Do. 


90 


50 


30 


300 


2,940 


3,270 


14 


47 


a.m. 


Off the const of Nemuro. 


400 


200 


170 


810 


2,690 


3.670 


»» 


1 08 


a.m. 


Do. 


400 


100 


— 


290 


1,480 


1,770 


»» 


10 16 


n.m. 


Do. 


350 


100 




350 


2,300 


2.650 


23 


9 33 


p.m. 


Uraga Channel. 


150 


80 




240 


2,240 


2.480 


31 


1 24 


p.m. 


Off the coast of Iwaki. 


130 


70 


30 


290 


2,020 


2,340 


Sept. 3 


1 26 


A.m. 


„ liikuzen. 


120 


60 




470 


1.790 


2.260 


5 


2 38 


A.m. 


Central part of Rikuchn. 


60 


30 


— 


380 


630 


1,010 


7 


4 14 


p.m. 


Off the coast of Taito 
(Formosa). 


120 


70 


— 


300 


1,700 


2.000 


10 


1 26 


pjn. 


„ Formosa. 


80 


50 


— 


480 


610 


1,090 



\ 
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Total area 
of 




Area of 


(1) 


(2 

Time 
occur« 

5»»45" 


) 

of 
moe. 


(3) 

Origin of 
diKturbance. 


disttirl 

(4) 
Loni^er 
axis 


bance. 

(5) 

Shorter 

axis 

• 

70 




sensible motion. 


Date. 


strong 
motion 

Bcj. ri 
100 


(7) 

M^aerat9 

motion 


(8) 

Slight 
motion 


(9) 
6um 


1903 

Sept. 10 


* p.m. 


Taito (Formosa). 


• 

n 
80 


sq. ri 
400 


sq. ri 
1,700 


sq. ri 
2,200 


18 


7 44 


p.m. 


Off the coast of HWaka. 


230 


140 


20 


920 


4,410 


5,350 


20 


9 12 


pm. 


»• Iwaki. 


130 


90 


— 


360 


3,320 


3,680 


21 


7 33 


p.m. 


.. Bikncho. 


100 


00 




230 


840 


1,070 


Oct. 11 


1 41 


a.m. 


Hyuga. 


140 


100 


470 


1,160 


1,660 


3,290 


12 


9 51 


p.m. 


n Hidaka. 


120 


70 




220 


1,900 


2,120 


27 


9 57 


p.m. 


Tokyo Bay. 


160 


90 


330 


2,550 


3.060 


5,940 


Nov. 1 


6 35 


a.m. 


Taichu (FormoFa). 


70 


50 




150 


970 


1,120 


6 


7 04 


p.m. 


Off Yokosuka in Tokyo Bay. 


80 


50 


— 


70 


1,150 


1,220 


10 


5 51 


p.m. 


Tokyo Bay. 


160 


90 


170 


1,710 


3,200 


5,080 


20 


4 17 


p.m. 


Off the coast of Iwaki. 


190 


140 


920 


2,490 


4,250 


7.660 


29 


7 11 


p.m. 


Do. 


80 


50 


50 


340 


1.180 


1,570 


Dec. 1 


11 21 


pjn. 


Taichn (Formora). 


ICO 


60 


— 


200 


2,080 


2,280 


3 


5 52 


p.m. 


Off the coast of Osnmi. 


130 


90 


100 


750 


930 


1,780 


9 


8 55 


a.m. 


N. part of Shimosa. 


35 


80 


— 


140 


1.150 


1.290 


18 


11 20 


a.m. 


Off the coast of Hitachi. 


200 


120 


890 


2,530 


3.680 


7,100 


28 


11 25 


p.m. 


„ Kinkazan (Biknzen). 


180 


100 


— 


620 


3,880 


4.550 


31 


2 10 


p.m. 


Sea of Aki. 


80 


30 


90 


i70 


2.170 


2.530 


1904 












• 








Jan. 19 


5 47 


a.m. 


Off the E. coast of Biknzen. 


80 


CO 




230 


1,010 


1,240 


»« 


4 09 


p.m. 


„ Iwaki. 


90 


CO 


— 


60 


1,500 


1,560 


Feb. 24 


8 32 


p.m. 


Off Kinkazan (Biknzen). 


180 


100 


10 


1,850 


3,570 


5,430 


26 


5 50 


p.m. 


Tokyo Bay. 


80 


70 


40 


790 


2,020 


2,850 
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F. Omoii: 











Total area 
of 




Area of 


U) 


(2) 


(3) 


disturbance. 

• 


1 


sensible motion. 


Date. 


Time of 
occnrrenoe. 


Oxigin of 
(listnrbance. 


(4) 

Longer 

axlJi 


(5) 

Shroter 

nxU 


(6) 
Stromg 
motion 


(7) 

Moderate 

mutloD 


(8) 
SU9IU 
motion 


(9) 

Sam 


r904 






• 


s 

ri 


• 

n 


ri 


sq. ri 


sq.ri 


sq. rl 


^larch 7 


7113711 


'a.m. 


S. port of Yamato. 


50 


40 


100 


270 


180 


550 


8 


3 40 


a.m. 


Off tlie coast of Hitachi. 


220 


120 


490 


2,010 


4,200 


6.700 


t» 


11 29 


p.m. 


Do. 


70 


60 


— 


230 


1.020 


1,250 


12 


6 12 


a.m. 


Tidnity of Kasomiga-nm. 


100 


60 


— 


200 


9C0 


1.100 


18 


5 33 


a.m. 


Off the W. coast of Kii. 


130 


90 


290 


1.120 


3.220 


4,630 


i» 


10 44 


p.m. 


,, SE. cnast of Nemnio. 


400 


200 


870 


2,850 


7.500 


11/220 


25 


2 56 


a.m. 


,, £. coast of Rikiizen. 


120 


50 




180 


1,040 


i;220 


26 


8 20 


A.m. 


SW. linrt of Ise. 


40 


23 




310 


420 


730 


27 


1 32 


X).m. 


Off the E. coast of Mutsu, 


110 


70 


— 


*i40 


1,330 


1,570 


28 


6 28 


p.m. 


r Boundary between Iwaki and 
Biloizen. 


40 


30 


— 


210 


290 


500 


April 4 


8 20 


a.m. 


Vicinity of Kasumiga-ura. 


70 


60 




170 


1.620 


1.790 


13 


2 38 


p.m. 


Off the const of Rikuzen. 


160 


60 


— 


380 


4,250 


4,550 


18 


7 51 


p.m. 


Do. 


60 


50 


— 


30 


590 


620 


»• 


8 03 


p.m. 


Uraga channel. 


80 


70 




640 


2.540 


3,180 


19 


1 21 


p.m. 


Off the coast of Knshiio. 


250 


160 




100 


1.420 


1.520 


23 


4 51 


a.m. 


Off the E. coast of Rikuzen. 


180 


80 




1,870 


4,740 


6.610 


24 

>t 
27 


8 08 
3 38 
3 14 


am. 
p.m. 
a.m. 


Outside the Rikuzen Bay. 
[Torokn, Kagi, Ensniko, Tai- 
- nan, and Bandioryo (Formosa) 
I »=23° 30^, \=120P 26'E 

Yidnity of Tsuknba-San. 


270 
160 

40 


140 
80 
30 


750 
360 


2.280 

1.270 

160 


3.930 
630 
610 


6,960 

2,260 

770 


May 8 


4.23 


a.m. 


jMuikamachi (Echigo). 

t 9«36P 53% X = 138° 48'E 


230 


140 


1.080 


4,770 


5,860 


11.710 


»» 


7 24 


a.m. 


Sahara (Shimosa). 


60 


40 


— 


60 


. 1.310 


1,370 


It 


800 


A.m. 


Muilcamachi (Echigo). 


80 


50 




400 


2,360 


2,760 


16 


224 


p.m. 


N. part of Suruga. 


60 


50 


— 


700 


1.050 


1,750 


17 


4 03 


p.m. 


Bay of Chiba (Tokyo Bay). 


80 


50 




170 


1,750 


1,920 


20 


5 35 


p.m. 


Sea of Aki. 


220 


180 


760 


3.030 


6,480 


10.270 
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Total area 
of 




Area of 


(1) 

Date. 


(2) 


(3) 


disturbance. 


1 


sensible motion. 


Time of 


Origin of 


w 


(5) 


(6) 


(7) 


(8) 


(9) 




oociirrence. 


ilistnxbance. 


Longer 


Shorter 


Strong 


Moaemte 


siigia 


^. 










axU 


axis 


motion 


tnotloo 


motion 


Sum 


1904 






ri 


ri 


sq. ri 


sq. ri 


sq. ri 


sq. ri 


May 21 


5»»25" 


'a.m. 


Off the £. coast of Mutso. 


120 


100 


— 


430 


1,920 


2,350 


23 


3 31 


a.m. 


„ ooast of Harima. 


110 


90 


33b 


960 


4,130 


5,420 


27 


5 41 


a.m. 


Uraga channel. 


70 


60 


— 


140 


1,310 


1,45. 


n 


7 46 


a.m. 


Tokyo Bay. 


50 


40 


— 


70 


880 


950 


June 6 


3 41 


a.m. 


Vicinity of Shishido Lake, 
Iznmo. 


150 


130 


570 


1,890 


4,030 


6,490 


»> 


11 51 


a.m. 


Do. 


180 


100 


460 


2,370 


6,290 


9,120 


7 


5 19 


p.m. 


(Off the coast of Iwaki. 
1 9=38^N, A = 144*» 1502. 


450 


300 


90 


5,850 


14,650 


20,590 


14 


10 39 


a.m. 


Off the coast of Bikiizen. 


150 


130 




310 


5,570 


5,880 


15 


2 17 


a.m. 


S. xmrt of Rikuzen. 


70 


40 


— 


120 


850 


970 


22 


11 26 


a.m. 


Off Kinkozan (Riknzen). 


140 


80 


10 


510 


2,770 


3,290 


24 


3 4i 


a.m. 


f Vicinity of '^laCke Snwa 
(Shinano). 


70 


35 




270 


1,050 


1,320 


30 


8 21 


a.m. 


Sahara (Shimosti). 


70 


35 


60 


320 


790 


1,170 


« 


8 22 


a.m. 


Do. 


40 


30 


40 


250 


370 


660 


Jnly 1 


10 29 


p.m. 


Off the S£. coast of Kemnxo. 


350 


300 


250 


2,300 


5,250 


7,800 


8 


02 


p.m. 


Neo-VaUey (Mino). 


40 


20 


— 


130 


390 


520 


12 


7 40 


p.m. 


Off the E. coost of Eazusa. 


200 


180 


— 


160 


5.440 


5,600 


13 


4 13 


p.m. 


„ Mntsu. 


180 


150 


— 


920 


2.330 


3,250 


15 


3 44 


a.m. 


„ KazoRa. 


130 


80 


— 


460 


1,630 


2 090 


»• 


3 53 


a.m« 


Do. 


70 


40 




170 


420 


590 


16 


10 09 


a.m. 


Do. 


200 


150 


180 


380 


4,300 


5.310 


•t 


10 34 


a.m. 


Do. 


70 


40 


— 


310 


620 


930 


17 


427 


a.m. 


Do. 


100 


60 


— 


860 


1,960 


2 320 


18 


7 51 


p.m. 


Do. 


80 


60 


40 


250 


1,170 


1,460 


19 


6 20 


p.m. 


Do. 


140 


70 


80 


270 


2,230 


2.600 


20 


30 


p.m. 


Do. 


140 


130 


70 


550 


4.530 


5,150 
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F. Omoti: 











Total area 
of 




Area of 


(1) 


(2) 

Time of 
occnrrence. 


(3) 

Origin io£ 
cliKtiirbance. 


disturbance. 


1 


sensible motion. 


Date. 


(4) 
LooRcr 
aziM 


(5) 

Shorter 

axif 


(6) 

Strong 
moUon 


(7) 

JftNMmttf 

mottoo 


(8) 

niotioD 


Sum 


1904 








• 

n 


1 

ri 


sq. ri 


sq. ri 


sq. ri 


sq. ri 


July 26 


9h01»^ 


'p.m. 


Bay of Iljiiri. 


160 


70 


—— 


420 


2,590 


3.010 


Aug. 4 


9 49 


pjn. 


N. part of ShimofUi. 
f=35° 43 N,X = 139°54'E. 


150 


90 


320 


1,250 


1.810 


3.410 


7 


5 25 


ajn. 


Oatside the Rikozen Bay. 


210 


90 


10 


60O 


3.000 


3,700 


15 


10 30 


p.m. 


»• 


ICO 


80 


210 


1,050 


1,560 


2.820 


21 


6 49 


a.m. 


OflE the E. coast of Kunajiri- 
ahima. 


250 


200 


— 


100 


800 


900 


22 


10 03 


p.m. 


Off the SE. cooAt of Nemoro. 


350 


200 




i.ico 


2.380 


3.540 


25 
26 


6 01 
9 22 


a.m. 
a.m. 


Ott the Island of Onhima. 
(Lyu Kyn) 

Tsngaru Strait. 


400 
120 


250 
80 


20 


1.340 
90 


2.910 
340 


4.270 
430 


23 


2 39 


p.m. 


(Vicinity of Kameyama 
\(Tanbii). 


70 


40 




360 


730 


1,090 


Sept. 4 


9 53 


p.m. 


Central part of Kii. 


35 


25 




210 


410 


620 


7 


1 50 


p.m. 


Taichu (Formosa). 


130 


80 


• 


2G0 


740 


1.000 


14 


2 59 


a.m. 


Off the coast of TokiKihi. 


100 


70 




150 


960 


1,110 


20 


4 18 


a.m. 


Bay of Chichiiwa (Hizen). 


50 


30 


— 


00 


180 


270 


21 


2 51 


p.m. 


Off the coast of lyo. 


180 


130 


760 


3,260 


2,650 


6.670 


25 


10 35 


a.m. 


Tsugani strait. 


180 


100 


— 


810 


2,350 


3.160 


Oct. 5 


3S 


a.m. 


K. part of Shimosii. 


70 


30 


.— 


130 


1,700 


1.830 


7 


11 12 


a.m. 


Off the E. coast of Kii. 


60 


30 


60 


350 


660 


1.070 


13 


7 23 


p.m. 


„ coast of Iwaki. 


60 


30 


— 


IGO 


1,350 


1,510 


20 


2 01 


a.m. 


S. part of Mikawa. 


70 


50 




380 


560 


940 


»• 


G 28 


p.m. 


Off the coast of Hidakn. 


220 


100 


— 


490 


2,120 


2.610 


25 


28 


a.m. 


„ Iwaki. 


180 


70 


110 


430 


1.840 


3,380 


27 


6 24 


am. 


„ Shimosa. 


90 


70 


— 


90 


380 


470 


28 


7 11 


a.m. 


., Hitachi. 


180 


150 


— 


120 


5.220 


5,340 
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■ 






lotal area 
of 


Area 


of 


(1)' 


Time of 
oocarrenoe. 


(3) 

Origiii of 
difiturbaiice. 


disturbance. 


sensible motion. 


Date. 


(4) 

Longer 

RXU 


(5) 
Shorter 


(6) 

Siron*j 
motion 

sq. rl 


(7) 

JCMerote 
motion 


(8) 

SligM 
motion 




1904 


■ 


ri 


rX 


sq. rl 


sq. ri 


pq. ri 


Nov. 3 


5'»4(?» 


p.m. 


Outsicle the Bikuzen Baj. 


110 


70 




210 


900 


1,110 


4 


1 45 


p.m. 


Off Einkozan (Bilmzen). 


120 


81) 


10 


200 


430 


6.400 


6 

7 


6 25 
4 20 


A.m. 
pm. 


Kagi, Toroku, nnd EnBiiiko 
(Formosa). 

9 = 23*^30^\ X = 120°-26'E. 
f Boundary between Miknwa 
and Mino. 


? 
60 


? 
40 


520 


800 
170 


790 
460 


2,110 
630 


11 


10 


A.m. 


Kashiwabara (Tango). 


50 


40 




160 


730 


890 


13 


9 49 


a.m. 


Vicinity of Ogiisawam-jima. 




— 


— 


10 


580 


&90 


Dec. 16 


• 

5 23 


p.m. 


• 
Off the coast of Phimota. 


80 


50 


— 


100 


210 


340 


17 


9 40 


njn. 


Do. 


140 


80 




210 


1,070 


1.280 


»« 


4 03 


p.m. 


Off the £. coast of Mntsu. 


250 


150 


530 


3,790 


3,069 


6,850 


22 


7 39 


p.m. 


\icinity of Kumamoto (Higo). 


70 


60 


60 


580 


810 


1,450 


23 


9 56 


am. 


Off the coast of Shimosa. 

f » 


130 


90 


— 


230 


400 


630 


24 


11 47 


n.m. 


,, Biknzen. 


280 


160 


640 


2.280 


2,950 


5,870 


1905 




















Jon. 2 


426 


p.m. 


N. part of Bikuzen. 


80 


50 


— 


80 


1,340 


1,420 


1 »• 


11 55 


p.m. 


Off the const of Tnito(Formo6a) 


160 


120 


— 


240 


660 


900 


11 


7 15 


A.m. 


S. jiart of Formosa. 


90 


? 


— 


360 


340 


700 


23 


8 31 


A.m. 


Off the W. const of Sado. 


70 


60 




50 


730 


780 


25 


11 12 


A.m. 


Boundary between Chikngo 
and Higu. 


60 


50 


110 


380 


1,490 


1,980 


2C 


4 02 


p.m. 


Off the const of Hitachi. 


100 


70 


— 


510 


1,550 


2,060 


28 


9 57 


pin. 


S. part of Hyngn. 


70 


50 


110 


490 


730 


1,330 


Feb. 2 


8 15 


ajn. 


. Off Cape Erimo (Hidaloi). 


230 


120 


— 


270 


850 


1,120 


t» 


9 08 


a.m. 


Outside the Bikuzen Bay. 


90 


50 




10 


340 


350 


5 


3 41 


A.m. 


Ticinity of Lake Biwa. 


? 


130 


490 


2,470 


1,740 


4,700 


7 


11 23 


a.m. 


Outside the Bikuzen Bay. 


80 


50 


— 


70 


230 


300 



74 



F. Omori: 











Total area 




Area of 


(1) 


(2) 
Time of 


(3) 
Origin of 


diahtrbonoe. 


1 


sensible motion. 


Date. 


(4> 


(5) 


(6) 


(7) 


(8) 


W 




oocarrence. 


cli8turbance. 


LoDffsr 


Shorter 


JXnmg 


jroderate 


aioM 


^m 










axis 


axlii 


motion 


motion 


motloo 


Sum 


r90s 








ri 


ri 


sq. W 


sq. rl 


aq. ri 


sq. ri 


Feb. 7 


0»»38« 


'p.m. 


S£. part of Mino. 


60 


25 


— 


120 


280 


400 


tt 


2 47 


pjn. 


OH the onaRt of Iwaki. 


130 


70 




110 


990 


1,130 


11 


7 06 


fi.m. 


Do. 


90 


60 


— 


60 


76U 


820 


U 


10^55 


p.m. 


Do. 


110 


60 


— 


40 


930 


970 


17 


3 27 


a.m. 


Outside the Rikiizen Bay. 


120 


50 




10 


1,080 


1.090 


»» 


6 44 


p.m. 


Off the coafit of Iwaki. 


130 


80 


190 


660 


1,160 


2,010 


21 


2 24 


pjn. 


^ Gape Erimo (Hidaka). 


280 


150 


• 


500 


3,150 


3,650 


26 


845 


p.m. 


„ the £. coast of Mutsn. 


200 


120 




510 


1,390 


1,900 


27 


1 19 


a.m. 


Off Ghoshi (Shimosa). 


80 


40 




30 


260 


290 


28 


11 01 


p.m. 


Bay of WaVasa. 


90 


60 


— 


230 


880 


1,110 


Matdi 4 


9 18 


p.m. 


Bay of Chiba (Tokyo Bay). 


110 


60 


— 


^00 


720 


1,120 


6 


6 08 


a.m. 


Ur^a Channel. 


70 


40 




210 


800 


1,010 


>f 


10 32 


ajn. 


Off the coast of Riknzen. 


110 


70 


— 


140 


360 


500 


13 


46 


p.m. 


Hynga. 


80 


60 




30 


410 


470 


16 


11 54 


p.m. 


Btmgo Strait. 


120 


60 


40 


540 


9iO 


1,520 


18 


4 40 


a.m. 


Bay of Toyama (Etdiu). 


130 


100 


20 


860 


1,180 


2.060 


April 6 


11 10 


a.m. 


Off the SE. coast of Kunashiri. 


150 


80 


10 


200 


680 


890 


»» 


9 30 


p.m. 


E. part of Mnsashi. 


80 


50 


— 


940 


1,770 


2,710 


10 


10 04 


p.m. 


rOff the coast of Tait5 
((Formosa). 


100 


80 




650 


1,500 


2,150 


13 


6 02 


p.m. 


Vicinity of Yokohama. 


140 


60 


150 


420 


470 


1,040 


16 


8 05 


a.m. 


Off Gape Bhiriya (Mntsn). 


150 


120 


190 


850 


1,000 


2.040 


18 


21 


a.m. 


Sea'of Aki. 


60 


20 


50 


260 


830 


1,140 


2i 


5 15 


a.m. 


S. part of Mnsashi. 


130 


60 




770 


790 


1,560 


SiAJ 9 


2 54 


a.m. 


Off the coast of Hitachi. 


200 


140 


— 


170 


1.200 


1,370 
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Total area 
of 




Area 


of 


(1) 


(2) 

Time of 
occnrrence. 


(3) 

Ox^n of 
clistorbance. 


(listnrbanoe. 




sensible motion. 


Date. 


Longer 

AXlS 


(5^ 
S!iorter 
fixi« 


(6) 

iSCroMff 
motion 


(7) 

MoaeraU 
motion 


(B) 

SlUfht 
luoUon 


(9) 

Sum 


r9os 




n 


ri 


sq. rl 


eq. ri 


sq. ri 


sq. ri 


Mfty 17 


2'»04»» n.m. 


Off the ooABt of Hidakn. 


180 


100 


190 


770 


1.090 


2,050 


26 


3 46 


p.m. 


,, I'waki. 


150 


70 


70 


310 


1,450 


1,830 


30 


4 32 


Ajn. 


Eanagnwa (Mnsnahi). 


60 


20 




40 


90 


130 


31 


11 08 


A.m. 


Off the coast of Hiilakn. 


120 


CO 


— 


130 


430 


560 


Jane 2 


2 40 


p.m. 


Central port of Inland Sea. 


450 


200 


4,750 


3,950 


2200 


10,900 


»> 


7 56 


p.m. 


Do. 


290 


140 


120 


3,390 


4,960 


8,470 


3 


9 18 


n.m. 


Do. 


110 


60 


— 


970 


3,990 


4.960 


ft 


9 34 


n.m. 


Do. 


180 


90 


280 


2,870 


3,200 


6,350 


>» 


7 24 


X).m. 


Do. 


100 


50 


— 


1,040 


2,990 


4,030 


»» 


7 38 


p.m. 


Do. 


180 


70 


200 


1,800 


2,500 


4,500 


»» 


10 49 


p.m. 


Do. 


120 


60 




860 


2.490 


3,350 


4 


3 08 


n.m. 


Do. 


90 


50 


— 


590 


1,720 


2,310 


5 


8 44 


a.m. 


Vicinity of O-shima (Izu). 


60 


50 


10 


150 


200 


360 


6 


44 


a.m. 


Do. 


90 


70 




190 


42) 


610 


•I 


1 19 


n.m. 


Do. 


60 


40 


— 


380 


260 


640 


»» 


1 51 


a.m. 


Do. 


100 


70 


— 


460 


430 


890 


It 


2 05 


n.m. 


Do. 


70 


60 


— 


510 


210 


720 


»f 


2 23 


n.m. 


Do. 


90 


70 


— 


550 


290 


810 


ft 


5 17 


n.m. 


Do. 


90 


60 




320 


100 


420 


ft 


9 23 


n.m. 


Do. 


• 90 


60 


— 


300 


230 


530 


ff 


11 47 


a.m. 


Do. 


60 


40 


— 


160 


170 


330 


ff 


8 32 


li.m. 


Central part of Inland Sea. 


80 


40 




570 


1,230 


1,800 


7 


6 12 


n.m. 


Vicinity of Edosnki (Hitachi). 


40 


30 


— 


70 


690 


760 


tt 


2 40 


p.m. 


Vicinity of 0-shimn (Izu). 


220 


120 


510 


740 


2,220 


3.470 


•» 


10 06 


p.m. 


Do. 


110 


70 


150 


280 


390 


820 


10 


3 10 


p.m. Do. 


IM) 


100 


— 


270 


440 


710 
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F. Omori: 











Total area 
of 




Area of 


(1) 


(2) 

Time of 
occurrence. 


(3) 

Origin of 
(liBturbnnce. 


disturbance. 


1 


sensible motion. 


Date. 


Lonft^r 
axis 


(5) 

Shorter 

axis 


(8) 

Strong 
motion 


(7) 

Mo:f«rate 
inotiun 


(8) 
Slight 
motion 


(9) 

Sum 


I90S 








H 


ri 


8tj[. ri 


sq. ri 


sq. ri 


sq. ri 


•Time 11 


Ilh52ra 


^p.in. 


N. i)nrt of Shimosn. 


70 


40 


— 


380 


540 


920 


12 


5 17 


p.m. 


Off the const of Iwnki. 


250 


130 


750 


1,620 

1 


2,450 


4.820 


13 


2 49 


p.m. 


Off Kinkoznn (Biknzen). 


80 


70 


— 


510 


730 


1,240 


18 


1 17 


n.m. 


Off the const of Iwnki. 


140 


90 


1 


210 


1.620 


1.830 


20 


36 


p.m. 


„ Nemiiro. 


300 


ICO 


» ■• 


110 


1,420 


1.530 


i - 

21 


6 45 


p.m. 


N. pnrt of Mino. 


90 


40 




370 


1.22(1 


1,590 


27 


1 13 


n.m. 


Centml pnrt of Rikuchu. 


220 


70 




1.890 


1,130 


3,020 


July 1 


1 49 


n.m. 


A icinity of Mishimn (Nngato). 


90 


50 




220 


fiOO 


820 


»• 


9 06 


n.m. 


Aynbe (Tnnbn). 


60 


50 


20 


600 


630 


1.250 


7 


1 22 


n.m. 


Off the const of Iwnki. 


SCO 


200 


1,400 


4,380 


2.280 


8,060 


ft 


7 18 


n.m. 


Do. 


300 


180 


— 


440 


4,840 


5,280 


»• 


10 19 


n.m. 


Off the const of Toknchi. 


210 


160 




140 


4,700 


4,840 


9 


7 13 


n.iii. 


„ Iwnki. 


230 


140 


30 


1,670 


2,930 


4.630 


13 


1 49 


p.m. 


„ £. const of Mutsn. 


270 


150 




420 


3,180 


3.600 


16 


6 49 


p.m. 


„ const of I go. 


120 


100 




400 


1,130 


1,530 


19 


5 03 


p.m. 


Bay of Tokyo. 


8rj 


50 





60 


560 


620 


21 


6 10 


X>-m. 


Off Kinkaznn (Eikozen). 


110 


80 




510 


570 


1,080 


23 


5 26 


p.m. 


fTown of Ynsnzukn, Hignshi- 
(Kubiki county (Echigo;, 


140 


100 


110 


770 


2,330 


3,210 


»» 


6 27 


p.m. 


Do. 


110 


60 


10 


100 


830 


940 


»• 


7 01 


p.m. 


Off Kinknznn (Rikuzen). 


150 


80 


— 


170 


1,370 


1,540 


27 


1 39 


A.m. 


S. jmit of Shimotsuke. 


90 


40 


— 


140 


1,150 


1,290 


Aug. 5 


2 29 


p.m. 


SE. pnrt of Hidn. 


90 


40 


— 


290 


610 


900 


12 


9 28 


p.m. 


Bny of Tokyo, 


60 


30 


— 


70 


400 


470 


18 


6 08 


n.m. 


Bny of Atsmni (Mikawn). 


90 


40 


— 


270 


350 


620 


22 


11 32 


p.m. 


Off the E. const of Rikuzen. 


no 


60 




260 


440 


700 
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• 


Total area 
of 




Area 


of 


(1> 


(2) 

Time of 
occnrrenoe. 


(3) 

Origia of 
<listarbAnoe. 


tli^turbanoe. 




sensible motion. 


Dnte. 


Lunger 


(5) 
Shorter 


(6) 
strong 


(7) 
Mo :er(Ue 


(8) 

SUqM 


(9) 










axl4 


axtn 


motion 


motion 


motion 


Sum 


I90S 








• 


• 

n 


sq. rl 


sq. ri 


sq. ri 


sq. ri 


Aug.: 24 


Oi'05'^ 


*p.in. 


Off the coast of Hitiichi. 


100 


50 


— 


490 


940 


1.430 


»f 


G 11 


p.m. 


JHiigiwArA, >£a81u1a county 
l(HidA). 


110 


40 


40 


230 


500 


770 


26 

• 


5 16 


p.m. 


Off CApe Mupoto (TofiA). 


140 


70 


160 


880 


1.400 


2.440 


29 


1 28 


p.m. 


Off the SE. wnst of Kushiro. 


250 


150 




400 


G70 


1.070 


3U 


9 27 


A.m. 


„ OmAe-znki (Totomi). 


90 


50 


— 


60 


620 


680 


Sept. 1 


11 47 


a.m. 


Oflf the E. coAHt of Mutsii. 


300 


200 


240 


3,7-20 


2.240 6.200 


>« 


2 52 


p.m. 


„ coAst of 'i'otomi. 


60 


50 


— 


260 


180 440 


2 


52 


A.m. 


Tono-mnchi (Rikuchu). 


150 


70 




530 


820 1,310 


♦« 


3 4S 


p.m. 


Off the const of Rikuzen. 


2C0 


100 




440 


870 


1,290 


3 


2 02 


A.m. 


UmgA chAnneK 


120 


70 


160 


550 


1,240 


1.950 


6 


5 11 


p.m. 


Off the E. const of Kii. 


70 


45 


80 


290 


210 


530 


8 


11 06 


A.m. 


( BounclAty between Hoki And 
( Izmno. 


40 


25 


— 


170 


330 


500 


9 


3 01 


p.m. 


S. i)Art of Kii. 


80 


50 


110 


499 


250 1 850 

1 


12 


52 


p.m. 


Centnvl pirt of Inland SeA. 


170 


90 


470 


3,180 


1 
2.500 ' 6,150 


21 


10 00 


p.m. 


Vicinity of Chiba (ShimosA). 


150 


110 




980 


1,420 2.400 


24 


2 08 


A.m. 


fBoiindafy between Hitachi 
and ShimosA. 


70 


40 




180 


480 6G0 


29 


10 19 


A.m. 


1 Bonndary between Mino and 
t Echizen. 


140 


80 


— 


1.100 


1,850 2 950 


30 


11 31 


p.m. 


Off the E. coast of Mutsu. 


120 


70 




50 


1.000 


1,050 


Oct. 2 


10 54 


A.m. 


Off the coast of Hitachi. 


200 


150 


120 


2.830 


2.080 5.030 


3 


6 18 


p.m. 


f Boundary between Hida and 
(Kaga. 


110 


40 




160 


TiOO 760 


4 


8 15 


A.m. 


Off CApe Shiriya (Mutsu). 


270 


180 


350 


3.950 


2,700 7,000 


7 


9 53 


p.m. 


Off the E. coA*.t of Mutsu. 


120 


90 


— 


180 


640 ' 820 


10 


10 54 


A.m. 


Off Choshi (Shimosa). 


170 


140 




660 


1.100 1,760 


13 


3 14 


p.m. 


Off Cope Kamui (Shiiibeshi). 


120 


100 


50 


490 


990 1.530 


14 


11 54 


A.m. 


Bay of Chiba (Tokyo Bay). 


160 


GO 


40 


560 

1 


850 


1,450 
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F. Omon : 






















Total area 
of 




Azea of 


(1) 


(2) 
Time of 


(3) 
Origin of 


distuxbance. 




sensible motion. 


Date. 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 




occurrence. 


distnrbAnoe. 


Looiscr Shorter 


SLirmQ 


Moasnu 


moht 


g^ 










KXlt 


axil 


motltin 


moCioo 


motion 


Sum 


1905 








H 


t\ 


8q. xi 


sq. ri 


sq. n 


sq. Ti 


Oct. 16 


1^52° 


' A.m. 


SE. pAit of Hiclii. 


90 


50 


— 


2C0 


1,210 


1.410 


19 


1 42 


A.m. 


Centinl inrt of Mino. 


80 


50 




290 


440 


730 


f« 


9 10 


a.m. 


K part of Muaiuilii. 


130 


50 


— 


470 


930 


1,400 


24 


48 


p.m. 


Off the E. const of Awa 
( peninsnlA. 


220 


120 


— 


2:0 


1,020 


1.270 


28 


6 45 


p.m. 


Off the SE. coftsit of Kn.Hhiro. 


250 


100 


^-^ 


300 


550 


850 


Nov. 1 


2 no 


p.m. 


Off the caist of IwAki. 


140 


80 




360 


1,530 


1.890 


2 11 21 


a.m. 


,, Kazush. 


160 


120 




620 


14260 


1,880 


9 7 19 


p.m. 


W. pjirt of Echigo. 


140 


120 


— 


710 


1.150 


1,860 


22 


9 43 


a.m. 


Off the E. coAst of FormosA. 


160 


? 


— 


1,660 


780 


2.440 


23 


01 


A.m. 


Off the const of Riknchu. 


200 


100 




460 


830 


1.290 


Dec. 2 


6 32 


A.m. 


Arinke fJen (Higo). 


200 


150 


110 


1,180 


750 


2.040 


3 


1 46 


p.m. 


Off KinkAZAn (Rikuzen). 


180 


130 


10 


1^110 


2.2G0 


3,380 


5' 1 18 


A.m. 


Do. 


150 


80 


10 


270 


S)00 


1,180 


.. i 4 38 


A.m. 


Outside the Ibuii Bny. 


leo 


80 




80 


800 


880 


8 08 


p.m. 


Centml pArt of InlAnd Sen. 


240 


160 


770 


4,130 


3,340 


8.240 


M 1 26 


p.m. 


Do. 


220 


160 


3>-0 


4,850 


3,390 


8,620 


17 6 29 


p.m. 


Off the coASt of NAgAto. 


80 


70 


— 


120 


1,590 


1,710 


23 


11 37 


A.m. 


Hikuchu. 


250 


170 


760 


2,310 


2,360 


5,430 


26 


11 


p.m. 


Off the ooA.st of HitAchi. 


220 


160 


920 


2.680 


2.2-20 


5,8*20 


27 


51 


p.m. 


fEAitA-mum. Nishi-Chikuroa 
(county, Shimino. 


160 


50 


20 


400 


1,140 


1.560 


30 ' 7 53 


p.m. 


BAy of ChibA (Tokyo Bay). 


50 


40 




70 


200 


270 


1906 


















Jftn. 1 1 6 18 


A.m. 


SeA of Lse. 


80 


50 


— 


730 


710 


1,440 


5 6 06 


A.m. 


BAy of Osnkii. 


30 


20 


— 


120 


440 


560 


» 


6 01 


p.m. 


Do. 


40 


30 




400 


500 


roD 
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Total area 
of 




Area of 


(1) 


(2) 

Time of 
oocorrenoe. 


(3) 

Origin of 
disturbance 


distntbanoe. 




sensible motion. 


Date. 


(4) 

Longer 
axis 


(5) 

Shorter 

axis 


(6) 

Stromff 
motion 


(7) 

Moderate 

motion 


(8) 
Sttght 
motion 


(9) 
Hum 


1906 








ri 


ri 


sq. ri 


sq. ri 


sq. ri 


sq. ri 


Jan. 6 


4»»28" 


' a.in. 


Off the £. cnaat of Mutsa. 


110 


90 




530 


860 


1.390 


H 


48 


p.m. 


„ Riknchu. 


70 


50 


— 


260 


310 


570 


7 


8 52 


p.m. 


Bay of Osaka. 


90 


60 




700 


810 


1,510 


8 


11 00 


pjii. 


Off the coast of Sagami. 


180 


120 


20 


830 


840 


1.690 


9 


6 50 


p.m. 


Central part of Shimosa. 


70 


40 


— 


220 


690 


910 




9 55 


p.m. 


Bay of Chibft (Tokyo Bay). 


60 


40 


— 


20 


320 


340 


12 


10 23 


am. 


Off the £. coast of Kii. 


130 


90 


200 


900 


790 


1,890 


15 


7 54 


a.m. 


N. part of Sagami. 


40 


30 




100 


340 


440 


18 


9 20 


p.m. 


N. part of Mino. 


140 


80 


170 


1,420 


1,640 3,230 


21 


10 50 


p.m. 


r Off the £. coast of Mnin Island 
1 f = 34'' 23' N. X = 143° 26'E. 


400 


350 


1,640 


5,260 


7,570 14,470 


24 


5 07 


a.m. 


Off the coast of Iwami. 


150 


50 


— 


280 


1,110 1,390 


Feb. 4 


3 24 


p.m. 


Bikozen Bay. 


220 


130 


90 


2.150 


2,230 4.470 


5 


3 11 


a.m. 


Oatside the Rikuzen Bay. 


150 


60 




240 


1.030 1,270 


»» 


5 09 


a.m. 


Rikuzen Bay. 


200 


120 




880 


2,200 


3,080 


17 


6 41 


a.m. 


Off the £. coast of Kaznsa. 


340 


140 


50 


400 


530 


980 


18 


2 15 


p.ui. 


S. part of Kaznsa. 


140 


110 


— • 


270 


690 


960 


23 


6 49 


p.m. 


fOff the coast of Awa and 
] Kaznsa peninsula. 


300 


200 


290 


1,900 


3,500 


5,690 


24 


9 14 


a.m. 


Tokyo Bay. 


350 


200 


840 


4,190 


5.070 


10,100 


28 


10 


a.m. 


S. part of lae. 


70 


40 




230 


700 


930 


March 6 


1 38 


a.m. 


Off the coast of Awa and 
(Kazusa. 


250 


200 




120 


190 


310 


7 


11 17 


a.m. 


Off the coast of Iwaki. 


250 


150 


— 


380 


2.980 


3,360 


8 


4 08 


a.m. 


f Boundary between Mino and 
( Owaii. 


90 


60 


— 


190 


740 


930 


13 


10 29 


p.m. 


Off the coast of Hyugft. 


200 


150 


910 


2,160 


2,700 


5.770 


14 


1 11 


a.m. 


Do. 


70 


60 


— 


40 


80 


120 


«« 


8 32 


p.m. 


Off the coast of Kazusa. 


100 


80 




450 


1.080 


1,530 



80 




F. Omori: 


















t 1 


Total area 
of 




Area of 


(1) 


(2) (3) 
Time of Origiii of 


diHtorbanoe. 


1 


sensible motion^ 


Date. 


(4) 


(5) 


(6) 


(7) 


(8) (tl) 




occTiTren^, ' distnrbanoe. j 


Longer 


Shorter 


Strono ' 


JUkterom 


Slight \ 


ft 




, 


RXlH 


axi«i 


motion ' 


motion 


moUon ^n» 

1 


1906 


1 


1 


• 


ri 


aq. ri 


sq. ri 


sq. r* 


• 
• 

sq.'ri 


March 16 


0^'05"' a.m. Central part of Inland Sea. 


100 


50 




100 


a.llK) 3,200 


17 


8 43 a.m. Kagi (Formosa). 


500 


, ? 


970 


1.310 


— ' 2,280 

1 


f» 


o oi „ •« Northern part of Ariake Sea, 
9 21 p.m. ^KyiiBhn). 


£0 


30 


— 


90 


1 
810 900 


«i 


9 23 p.m. Do. 


200 


120 


.1J50 


2.150 


1.2d0 3.600 


18 


12 a.m. 


Do. 


60 


30 


\ 


80- 


230 ! 310 


n 


1 10 a.m. 


S. part of Kii. 


170 


110 


160 


1,080 


2.330 


3,570 


tt • 


r. Qo « «, Northern part of Ariake Sea 
J &l a.m. ^ jgy,„|,„j 


40 


20 




60 


630 


690 


!• 


6 30 :a.m. 


Off the cojttit of Hyuga, 


150 


100 


■ — 


150 


2.290 


2.440 


21 


11 43 lim. 


„ i Riknzen. 


17iK 


100 


— 


190 


79(1 


980 


23 


5 40 a.m. i „ E. <Y>a8t of Mntsn. 


206 


150: 


V 


210 


560 


770 


2i 


9 59 a.m. 


Near O-shima (Lyu-kyu). 


150 


-' 


— 


' 80 


20 


100 


26 


1 29 p.m. 


Kagi (Formutti). 


100 


80 


200 


j 1,090 


940 


2,230 


28 


8 57 a.m. 


Do. 


8() 


70 


100 


520 


1,580 


2.200 


29 


6 14 a.m. 


Do. 


100 


80 


200 


920 


420 


1,540 


April 4 


10 04 a.m. 


Off the coast of lUkuzen. 


130 


70 


* * 


340 


820' 1.160 


5 


11 50 a.m. 


„ Iwaki. 


240 


180 


190 


2.370 


3.090 5,650 


fS^ 


4 58 a.m. 


Kagi (Formosa). 


100 


80 


70 


650 


940 


1,660 


f» 


7 29 p.m. 


Off the E. coast of Nemuro. 


350 


? 


20 


400 


470 


890 


7 


1 
2 52.7 p.m. Tenshiko (Formosa). 


— 


100 


270 


970 


970 


2.210 


8 


8 39.7 a.m. Kagi 


100 


80 


100 


920 


1,120 


2,140 


»» 


a Ro «, Off the E. coast of Awa 
2 52 P-m. peninRnla. 


160 


70 




680 


1.620 


2,300 


9 


2 38 a.m. Off the coast of Iwaki. 


230 


160 


, 


360 


3,890 , 4.250 

1 


11 


7 08 p.m. NW. part of Mino. 


140 


90 


9p 


1,530 


1.770 3,390 


14 


- .Q '/Tenshiko (Kagi Prefecture) 
5 18 a.m. {Formosa. 







2 060 


2*20 


— 


2,280 


»» 


9 52 a.m. 


Do. 


""" 


' 


740 


1,240 


300 2.280 


20 


9 48 p.m. 


/Hagiwara, Manutla county 
(Hidii). 


90 


70 


60 


310 


1,850 2,220 
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Total area 
of 




Area of 


(1 


) 

3. 


Time of 
oocurrenoe. 


(3) 

Origin of 
(listurbnnoe. 


disturbance. 


Bcnsihle motion. 


Dat< 


(4) . (5) 

Longer Shorter 

ftxlB axU 


(6) , 
strong 
motion 


(7) 

Jl/W<ra4< 
motion 


(8) 

JSliOht 
motion 


(9) 
Sum 


1906 

April 21 


4h40«» 


' n.xn. 


/Hogiwam, Mosuda county 
(Hidn). 


• 

n 
? 


ri 
210 


sq. r* 
5S0 


sq. ri 
3,320 


* 

sq: ri 
3,310 


sq. ri 
7,210 




t« 


3 54 


p.m. 


Kosalca, Masudn county (Ilida). 


110 


60 


40. 


21' » 


820 1,070 

1 


Mfty 


1 


7 12 


p.m. 


Bnngo Stmit. 


80 


60 


— 


290 


1.860 


1.650 




2 


11 13 


n.m. 


Off the N. const of Formnnn. 


153 


9 

• 


— 


450 


2.000 


2.450 




5 


8 09 


ii.m. 


„ S. const of Kii. 


450 


200 


1.160 


2.160 


6,330 


9.650 




«t 


8 53 


A.m. 


Centml part of Kii. 


90 


60 


100 


700 


1.030 


1.830 




6 


10 20 


p.m. NW. pirt of ITigo. 


«0 


35 


10 


170 

a 


470 ' 650 

1 




7 


8 01 


n.m. 


(Off the E. const of Awn 
I peninftuln. 


120 


70 




120 


410 5.30 




10 


2 34 


,X).m. 


Yidnity of Knwnwa (Musnshi). 


8:) 


40 


— 


. 40 


250 290 




3^» 


7 10 


p.m. 


Off the const of Hitachi. 


170 


140 


— 


30 


1,700 1,730 

* 


1 ■ 1 


18 


4 04 


p.m. 


M . Iwaki. 


120 


90 




390 


1.600 ' 1.990 




i» 


9 3C 


p.m. 


„ Shimosa. 


110 


70 


— 


40 


230 

• 


270 




19 


1 31 


a.m. 


' Do. 


220 


180 


170 


670 


2.980 ! 3.820 




21 


2 21 


p.m. 


Tokyo Bay. 


120 


60 


— 


380 


430 


810 




•I 


' 3 5G 


p.m. 


N. part of Shimosa. 


150 


80 


250 


1.710 


1.430 


3.390 




22 


4 12 


p.m. 


Centml part of InLind Sen. 


150 


120 


650 


1.570 


2,220 


4,440 




24 


2 17 


p.m. 


Umgn channel. 


45 


.30 


— 


CO 


210 


270 




28 


1 
4 10 


n.m. 


Off the E. cofibt of Nemuro. 


300 


200 


60 


580 


1.300 


1,940 




t> 


6 59 


n.m. 


„ cuist of KnziLsn. 


140 


90 


a^^m 


350 


470 


820 


• 


29 


11 22 

1 


p.m. 


N. pirt of Shimosa, 


1.30 


70 


120 


1,080 


1,060 


2,260 




30 


9 27 


p.m. 


Tokyo Bay. 


60 


:J5 




190 


500 


($90 


June 


2 


7 18 


n.m. 


Vicinity of Nanito, Awa. 


80 


60 


170 


850 


m) 


1.910 




10 


10 37 


n.m. 


Off Kinkazan (Rikiizen). 


80 


60 




10 


320 330 




22 


2 28 


n.m. 


Uyetla (Shinano). 


CO 


50 


40 


400 


560 1 1.000 

1 


July 


7 


7 30 


p.m. 


Outside the Rikuzen Bay. 


180 


90 


— 


170 


1.490 


1,660 
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F. Omcni : 











Total area 
of 




Area of 


(1) 

Date. 


(2) 


(3) 


distotboDoe. 


1 


sensible motion. 


Time of 


Origin of 


(*) 


(5) 


(6) 


(7) 


(8) 


(9) 




oocuxienoe. 


(listurbnnoe. 


Longer Shorterj Strong 


MoOfrate 


Slight 


^^ 










•zto 


axis 


motion 


motion 


motion 


Swn 


1906 








H 


ri 


sq. ri 


eq. ri 


sq. ri sq. ri 


July 7 


8»'41™ 


'p.m 


Off Kinkazan (Rikuzen). 


130 


70 




90 


310 


400 


lU 


9 37 


a.in. 


Off the coast of Iwald. 


90 


70 


— 


120 


330 


450 


11 


5 32 


a.m. 


Central paxt of ^likawa. 


50 


30 




100 


610 


710 


12 


4 31 


p.m. 


Off the coast of Hitachi. 


160 


100 


— 


170 


640 


810 


23 


1 18 


p.m. 


„ Iwaki. 


180 


140 


280 


1,880 


2.770 


4.930 


31 


B58 


p.iu. 


„ Rikuchu. 


90 


70 




160 


520 1 680 


Aug. 5 


4 53 


a.m. 


Tokyo Bay. 


70 


60 




440 


770 ' 1,210 


»i 


5 32 


a.m. 


Do. 


120 


50 


210 


860 


1.350 


2,420 


9 


9 15 


p.m. 


Off the ooa t of Hyuga. 


130 


80 




140 


450 590 


t« 


10 27 


p.m. 


Do. 


200 


100 




1.050 


1.030 2.080 

1 


16 


6 26 


a.m. 


Gential patt of Izn. 


90 


70 


— 


190 


430 


620 


H 


3 39 


p.m« 


Do. 


100 


80 


50 


80 


930 


1,060 


19 


8 00 


a.m. 


Off Choshi (Shimosa). 


180 


120 


10 


730 


2.940 


3,680 


21 


5 42 


a.m. 


W. part of Kazusa. 


140 


50 


— 


80 


290 


370 


22 


08 


a.m. 


VV. part of Shimosa. 
* 


120 


50 


100 


810 


920 


1,830 


31 


11 20 


a.m. 


Centml pait of Tzn. 


140 


80 


10 


350 


920 


1,280 


Sept. 4 


9 46 


a.m. 


Town of Mifune, (Higo). 


60 


45 


___ 


IGO 


110 


270 


8 


3 53 


a.m. 


r Off the £ coast of Awa'and 
Kazusa. 


170 


90 


— 


130 


770 


900 


15 


34 


a.m. 


Vicinity of Matsuzaka (Ise). 


60 


30 




50 


100 


150 


17 


5 27 


p.m. 


W. ijait of Hitachi. 


130 


110 


— 


680 


1.940 


2,620 


19 


7 55 


p.m. 


Centml pait of Izu. 


60 


40 


— 


60 


490 


550 


Oct. 4 


05 


a.m. 


Off the coojt of Rikuzen. 


120 


60 




230 


370 


600 


6 


6 35 


p.m. 


N. part of Shimosa. 


120 


50 




550 


1,700 


2,250 


»♦ 


8 52 


p.m. 


Near the coast of Iwaki. 


150 


100 


— 


1.210 


2.210 


3.420 



Likt of the Stronger Jnpnn Eaithqunkes, 1902-1907. 



83 











Total area 
of 




Area 


of 


(1) 


m 


(3) 


dinturbance. 




sensible motion. 


Date. 


Time of 


Origin of 


(*) 


(5) 


(6) 


0) 


(8) 


(9) 




oocorrence. 


disturbance. 


Longer Shorter 


Strong 


Uoatrau 


Slight 












axis 


axla 


raotloo 


motion 


molton 


Sum 


1906 








ri 


rl 


sq. ri 


sq. ri 


sq. ri 


sq. n 


Oct 6 


iM4»» p.in. 


Central part of Shimotsuke. 


110 


50 




120 


1,610 


1,730 


10 


9 51 


p.m. 


SW. part of Iwalri. 


140 


80 




1,200 


1,650 


2,850 


12 


9 56 


a.m. 


Off the coast of Ugo. 


180 


140 


200 


2,180 


1.810 


4,190 


ft 


10 04 


a.m. 


Do. 


220 


140 


590 


1,570 


1,950 4,110 

1 


19 


9 29 


p.m. 


Off the coast of Awa and 
Kaznsii. 


100 


70 




iro 


360 520 


t* 


10 46 


p.m. 


Bungo Strait. 


70 


40 


— 


530 


1040 1,570 

1 


23 


7 13 


a.m. 


N. shore of Lake Biwa. 


35 


30 


— 


140 


290 430 


26 


5 25 


p.m. 


S. port of Yamato. 


90 


50 




380 


340 


720 


27 


7 25 


a.m. 


Off the coast of Iwaki. 


300 


200 


— 


3*20 


3,550 


3,870 


Nov. 7 


11 54 


p.m. 


Sagami. 


70 


50 




150 


350 


500 


9 


6 54 


p.m. 


„ Iwaki. 


120 


50 




140 


540 


660 


11 


33 


a.m. 


„ Awa peninsnla. 


50 


30 




20 


80 


101^ 


12 


11 07 


p.m. 


Vicinity of Easnmiga-nra. 


150 


80 


60 


1,370 


1,610 


3,040 


15 


7 24 


p.m. 


N. part of Hynga. 


50 


40 


— 


360 


520 


>>80 


16 


1 54 


a.m. 


W. pirt of Owari. 


40 


20 


— 


90 


140 


230 


22 


6 44 


a.m. 


Central port of Bingo. 


50 


30 


— 


140 


490 


630 


23 


3 32 


p.m. 


(Off the coast of the Awa 
peninsula. 


180 


100 


30 


670 


630 


1.330 


24 


440 


a.m. 


Off Kinknzan (Bikuzen). 


110 


60 


— 


10 


570 580 


•f 


5 45 


p.m. 


Do. 


90 


60 




• 
10 


580 


590 


Dec. 2 


33 


p.m. 


Vicinity of Ueda (Shinano). 


60 


30 


— 


100 


230 


330 


4 


844 


p.m. 


Off the coast of Hitachi. 


90 


50 




160 


830 990 


5 


5 54 


p.m. 


Centnil part of Kii. 


50 


40 


— 


330 


330 660 


10 


7 52 


a.m. 


To.^a Bay. 


100 


80 


20 


230 


820 1.07t 


24 


5 46 


p.m. 


Katori county (Shimosa). 


80 


60 




90 


250 


340 


27 


9 05 


pjn. 


Vicinity of Ueda (Shinana). 


70 


30 




80 


180 260 











Total otea 


An> at 


(1) 


(3) 
TimB of 


(3) 
Uiigja of 


aistnrbance. 


aeoBibk motion. 


Dflte. 




(5) 


(6) 


17) 


(8) 
motlan 


1») 

Sum 


1907 

Jnne 11 


Shsa" n.m. 


f Off the NE. oGort <rf Kniow. 
1 f-^^aO-N, »,T=l4(f 45'E. 


ri 
250 


ri 

180 


sq.ri 

i<to 


sq. rt 
2,140 


•q.ri 
2.480 


4,780 


14 


1 43 


p.in. 


„ 


ISO 


130 


40 


300 


810 


1,150 


29 


3 50 


p.m. 


Vidnit7 of Sniaku (Shinnno). 


80 


70 


30 


250 


470 


750 


July 1 


11 4B 


n.m. 


Off the const of Ililncbi. 


130 


80 


— ' 220 


920 1.140 


a 


6 U 


n.m. 


Vicinit; of Knstuniga-nm. 


130 


100 


~ 


250 


930 ' 1.180 


4 


9 17 


p-m. 


OR the N. const of TamMa. 


200 


- 


- 


200 


750 950 


6 


045 


n-m. 


Nemnto. 


400 


200 


900 


4,150 


5.400 10.450 


Ifi 


635 


n-m. 


Da 


GO 


40 


- 


270 


S50 820 


24 


1 IG 


n.ia. 


0« the oonst of Kuahiro. 


80 


70 


- 


350 


G20 970 


M 


8 10 


p.in. 


Off the E. coiwt of Mutm. 


110 


CO 


- 


250 


510 760 


27 


423 


p.m. 


Vidnity of Kntrnwn ISfnaashi 


IBO 


ICO 


100 


650 


500 1.3)0 


Aug. 1 


3 47 


p.in. 


Centtnl pnrt of Ctormoen. 


40 


30 


50 


230 


500 781 


7 


11 47 


n.m. 


Bungo Stmit. 


100 


GO 


100 


780 


1.330 2.110 


14 


450 


ft.m.' 


Off the const of Ugo. 


170 


140 


J70 


1.560 


2.4G0 4.190 


2B 


6 54 


n.m. 


E. pnrt o[ Izoma 


330 


160 


290 


2.650 


2.1S0 5,090 


28 


S 57 


p.m. 


Do. 


70 


40 


— 210 


560 


770 


31 


401 


p.m. 


Off KinJo««n ilUkuzen). 


130 


80 


- 120 


530 


650 


Sept. I 


808 


n.m. 


f Nenr KoshikL-jima, off the S. 
[cooat of Eynsho. 


100 


GU 


70 320 


660 


1,050 


8 


3 10 


a.m. 


OR the const of m<Wm. 


130 


80 


— 1 30 


380 


410 


13 


7 27 


p.in. 


£. part of Iziuno. 


70 


K 


— 430 


480 


910 


15 


01 


p.m. 


OR the const of Hi.lako. 


230 


150 


110 


1.200 


1.600 


2.910 


„ 


8 21 


p.m. 


Off the const of nulnkn. 


2J0 


150 


170 


1.120 


3.150 


4.440 


Id 


2 21 


n.m. 


E. part, of Izumo. 


50 




25 


— ' 190 


230 


420 



List of the Stionger Japan Earthquakes, 1902-1907, 



87 











Total area 
of 




Area of 


(1) 


(2) 


(3) 


difttnrbance. 




sensible motion. 


Date. 


Time of 


Origin of 


(4) 


(5) 


(«) 


(7) 


(8) 


0) 




occonenoe. 


distnrbanoe. 


LoDi^er 


Shortttr 


Slight 


MwleraU 


sugta 












axis 


axis 


lootlnn 


motloo 


motion 


Sum 


1907 








ri 


ri 


sq. ri 


sq. ri 


sq. ri 


sq. ri 


Sept 22 


450 


a.m. 


Off the E. coast of Kazosa. 


230 


180 


580 


930 


1.010 


2,520 


»• 


9 08 


p.m. 


Off the S. end of Formosa. 


150 




— 


20 


•300 


320 


Oct. 1 


6 16 


p.m. 


Tokyo Bay. 


80 


40 


— 


40 


260 


300 


5 


5 28 


a.in. 


J Some distance off the coast 
of Iwaki. 


300 


200 




1,380 


4,130 


5,510 


10 


8 13 


p.m. 


In liake Biwa. 


40 


20 




90 


180 270 


11 


3 51 


a.m. 


Off the coast of Echizen. 


J20 


100 


30 


1.110 


2,040 3,180 


13 


1 4G 


p.m. 


Near the coast of Sagami. 


60 


30 


10 


140 


210 360 

1 


15 


9 05 


a.m. 


Off the coast of Hitachi. 


250 


150 


190 


2.160 


2,120 4,470 


24 


5 14 


a.m. 


Near £. coast of Eii. 


70 


60 


170 
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27 


3 46 


p.m. 


S. part of Hida. 
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1,490 
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28 


8 33 


a.m. 


Off the coast of Iwami. 
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50 


f 
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5901 890 


«• 


5 54 


p.m. 


Do. 


8J 


60 
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1.250 1.620 


tt 


9 17 


p.m. 


Off the cooRt of Iwaki. 


200 
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Nov. 4 


6 03 


a.m. 


fNear KoshikiHshima, off the 
S. coast of Kynahu. 


70 


60 




70 
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480 


10 


2 03 


a.m. 


Vicinity of Kawawa (Musaahi) 


50 


40 


— 


30 


170 200 


11 


7 4i 


a.m. 


Off the NE. coast of Bikazen. 


103 


60 


— 


20 
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13 
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a.m. 


Off Gape Shiriya (Mutsn). 
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490 
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21 
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p.m. 
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70 


40 
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60 
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22 
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a.m. 
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1 f =36*> 15' N, A =139° 45'E 
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1, Introduction. It often happens that precursory shakings, 
or " fore-shocks," of different intensities are felt at the epicentral 
district of a great earthquake. As the latter is generally due to 
tlie formation or enlargement of a fault or crack of considerable 
length along a seismic zone in the earth's crust, it is quite natural 
that some of the weakest secondary points at the strained region 
should first give way and produce the minor shocks, before the 
dislocation or fracture along the whole extension of the focus 
produces the final great disturbance. In many instances, the fore- 
shqcks were quite numerous, some of them attaining the intensity 
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of a semi- destructive motion. I mention next the more typical 
cases of the destructive earthquakes in Japan, which were preceded 
by these small sliocks. 

2. Earthquake of Kagi ^Formosa) of 1906. The destruc- 
tive earthquake in the Kagi prefecture, Formosa, on March 17, 
1906, caused by the formation of the Baishiko and Chinsekiryo 
Faults, (the Bulletin, Vol. I, No. 2), was preceded about 5 
minutes before by two strong shocks accompanied by very loud 

jinarU or sounds, like that due to a continuous discharge of 
gun. As these disturbances were quite unlike ordinary earth- 
quakes felt there, the people were alarmed and took precaution 
for an escape in case of emergency, many ninning out of doors. 
Thus it happened that a comparatively small proportion of the 
inhabitants remained within doors at the time of the final great 
shock, a circumstance which must have considerably reduced the 
amount of casualties. 

The occurrence of the premonitary shocks and jinari was 
also very striking in the cases of the Ansei and Riku-U earth- 
quakes (§ § 3 and 4). 

3. Ansei earthquake in Central Japan.\ The great earth- 
quake of the 1st year of Ansei (1854), which was violently felt 
in the provinces of Iga, Ise, Omi, Yamato, Yamashiro, and Settsu, 
took place on July 9, at about 2 am.* The epifocus was a zone 
about 100 km. in length, which stretched from the vicinity of 
Yokkaichi (in Ise) to that of Nara (in Yamato), passing by the 
north of the town of Uyeno (in Iga), where considerable convul- 

* This is different from the two great earthquakes of Dec 23 and 24 in the same year, 
which originated off the Pacific coast of Japan. See also my note '* On the earthquake zones 
in central Japan," the SuUetin, Vol. I, No. 3. 
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sions of the ground were produced. At the last named place, a 
moderate shock intense enough to drive people out of doors had 
been felt already two days before, namely, on the 7 th, at 1 pm., 
succeeded by a stronger and unusually severe one at a little 
before 2 pm. These two shocks, which caused some cracks of 
the plastered walls, were followed by incessant jinarU or earth 
sounds, like thunders heard toward the north-west, the number 
of the minor shakings which occurred before the evening being 
27. It is recorded that a traveller happening to arrive at Uye- 
no the same day was frightened by the jinari, so he went on 
and stayed at Kasagi, thereby escaping the risk of the dis- 
astrous earthquake. During the night of the 7th, the people 
were panic-stricken, no one going to bed. On the next day (the 
8th), the weather was fine, and although the jinari did not cease, 
there was no specially severe shock, and the people began to be 
somewhat reassured. In the same evening, however, there were 
a few small shakings at about 8 pm., the final great earthquake 
having taken place the next morning at 2 am. The two shocks 

« 

at 1 and 2 pm. on the 7t]i were also felt in Osaka. 

4. SikU' TJ earthquake of Aug. 31, 1896, at 5h 6m pm. 

The Eiku-U earthquake was most violent in the two counties of 
Senpoku and Hiraga, in the province of Ugo, and in the county 
of Nishi-Waga in the province of Rikuchu, producing the lines of 
dislocations known as the Senya and Kawafune Faults. In the 
epicentral district, there had occurred a shock of moderate intensity 
already G days before, namely, on Aug. 23rd, at 4 pm., followed 
daily by one or more small shakings. On the 31st, at 9 am., 
tliere was a strong shock, causing some damage to the dwelling 
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houses and throwing off the plastered walls of some old dozo 
(Japanese ware houses). Thereafter occurred nearly 30 shocks 
and/zVian; amongst others the shock at 4h 42m pm. being the 
strongest. 24 minutes later on, at 5h 6m pm., the final great 
earthquake took place. 

The epicentral district had, before August, 1896, been only 
rarely disturbed by earthquakes, and these latter had not been 
accompanied by jinari. But since the 23rd of August, the earth- 
quakes were invariably accompanied by jinari, indicating their 
nature as fore-shocks and the proximity of their origins. 

5. Tonan earthquake of Nov. 5^ 1900, at 4h 41ni p^n.^ 
This earthquake originated off the coast of Izu, and was strongly 
felt in Kozu-shima, Mikura-jima, and Miyake-jima. At the last- 
named island, the first fore-shock, which was moderate in inten- 
sity, occurred at 8 am., on the 4th, followed by many moderate 
and sUght shakings. At Mikura-jima, there was a moderate 
shock at 6 am., on the 5th, followed every five or ten minutes 
by others, the two strongest among wliich took place at 
2 and 3 pm. respectively. In Kozu-shima, there was at 8h 
10m am., on the 5th, a slight shoct, followed by about a dozen 
moderate and slight ones, the final and largest earthquake 
having occurred at 4h 41m pm. the same day. According 
to the instrumental observations in Tokyo, there were 7 shocks, 
which preceded the final earthquake, and the first of which 
occurred at 9h 16m am., on the 5th, the strongest among these 
being that at 2h 10m pm. 

6. MinO'Otvari earthquake. The great ^Mino-Owari earth- 
quake of Oct. 28, 1891, at 6h 37m am., was preceded by 
a strong shock, wiiich took place 58 hours earlier, namely, at 

* " Tonan '' itilands are the iBlands off the const of Izu belonging to the Fnji volcanic chain. 
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9Ii 14m pm., on the 25th of the same month. In the epicentral 
area, jinari were lieard from time to time before the great 
earthquake. 

7. Hokkaido earthquake of March 23, 1894* The 

earthquake of March 22, 1894, which caused damage in the two 
provinces of Nemuro and Kushiro, along the north-eastern coast 
of Hokkaido, occurred at 7li 20m pm., the origin being sub- 
oceanic and at about 140 km. to the south-east of the city of 
Nemuro. This earthquake was preceded by the four shocks, 
whose times of occurrence and the intensity of motion at Nemuro 
were as follows : — 

(i) 3'^ 49™ 14" am. Slight. 

(ii) 2 22 55 pm. Moderate, 

(ill) 2 33 25 pm. Slight, 

(iv) 2 37 10 pm. 

Thus the first fore-shock and the 2nd, which was the strongest 
among the four, had occurred respectively 15h 30m and 4h 57m 
before the final great earthquake. 

The above mentioned four fore-shocks were observed with the 
ordinary Gray-Milne-Ewing type seismographs. Had the observa- 
tion been made with tlie modern sensitive tromometer adapted 
to a continuous recorder, probably there would liave been re- 
gistered many other small insensible shakings. 

8, Remarks on the fore-shocks of the different earth- 
quakes. The time distributions of the Kiku-U and Tonan fore- 
shocks, which occurred on the same days as tlie principal 
earthquakes themselves, present some mutual resemblance, as 
will be seen from the following table. 
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TABLE I. -FORE-SHOCKS OF THE RIKU-U AND TON AN EARTHQUAKES. 



Biku-U Earthquake. 



Time of 
Occurrence. 



SuccessiTe 
Interval. 



9^ SS'^am. 

10 13 am. 

3 07 pm. 

3 18. pm. 

4 42 pm. 






ih 1 Kvn\ 



.4 64 



11 ) 



r . • 



6 06 pm. 

(Great Eqke.) 



( 



h QAm 



5' 20 



1 24 



24 



Tonau Earthquake. 



Time of 
Occurrence. 



9^ 16™ am. 

2 11 pm. 

2 48 pm. 

2 54 pm. 

3 07 pm. 

4 15 pm. 
4 42 pm. 



Successive 
Interval. 



. ... 4''55"' 




....0 37 


h. . 


. . . . 06 


. . . . 13 ^ 




.... 1 8 


• • 
• • 



6'* SS"" 



1 21 



27 



Thus the successive intervals between the times of occurrence of 
the fore- shocks were on the whole identical for the Eiku-U and 
the Tonan earthquakes; the last strong fore- shocks having also 
occurred in the two cases by a nearly equal time interval, namely, 
24 and 27 minutes respectively b^ore the final disturbances. 

The interval between the times of occurrence of the first 
strong fore-shock and the final great earthquake was, for 
the different cases, as follows : — 

Ausei Eqke 1^"*' 13'>«"'^» 



Kiku-U 
Tonan 



$9 



J9 



Mino-Owari Eqke 2 



9 



10 



Hokkaido 



99 







15^ 
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Again, the interval between the time of occurrence of the 
principal disturbance and the commencement of the last epoch of 
increased activity or fi-equency of the fore-shocks, was as 
follows : — 

Ansei Eqke 6^ 0™ 

Riku-U , 8 34 

Tonan „ 7 26 

Hokkaido „ 4 57 

The occurrence of fore-shocks is of course not limited to 
the few cases of the great earthquakes considered in § § 2 to 7. 
The same phenomena are shown by the large as well as the 
semi -destructive or strong earthquakes originating off the north- 
eastern coasts of Japan, along the Fuji volcanic chain, or off' the 
eastern coast of Formosa. A few illustrative cases are given next. 

9. Mokkaido earthquake of June 4, 1893. The earth- 
quake of June 4, 1893, at 2h 27m am., shook the southern islands 
of the Kuriles. Thus, in Shikitan island, the shock was felt 
strongly, being followed by the tsunami along the coast, wliich 
reached a height of about 8 feet over the ordinary sea level. 
Again, in the Shibetori county (northern part of the Etnip island), 
the tsunami came on about 20 minutes after the shock, and 
caused an increase of water of 5 feet, forcing the river waters to 
flow upwards. The tsunami continued till 9 am., and the large 
waves were repeated five times, rocks having been thrown down 
at many places along the coast. Prior to this earthquake, there 
had occurred between the 1st and 3rd (June), five moderate and 
slight earthquakes, which shook the Kuriles or the eastern part 
of Hokkaido ; there being one or more shocks each day between 
the 4th and the 13th, except the 10th and the 12th. 
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10. Karenko (Formosa) earthquake of 190S.* The eartli- 
quake of Aug. 28, 1905, at Ih 24m pm., which was a local earth- 
quake and which was somi-destractive at Karenko (Formosa), was 
preceded by several fore-shocks. Thus, at the latter town, there 
was a shock on the fore-noon of Aug. 8, several on the 13th, 
one each on the 18th, 19th, 20th, and 21st. A moderately strong 
shock occurred on the 26th, at 4h 50m pm., followed by a few 
slight ones, the final strong earthquake having taken place on 
the 28th. The after- shocks were also numerous, there being 20 
or 30 of these on the same day and on the 29th. 

U. OsMma (JLzu) eartliquakea of June 6 and 7, 1905. 
These two earthquakes, which caused some damage in the island 
of Oshima (Izu), were preceded by numerous small shocks. 
According to the report of the Governor of the island, there were 
more than 30 shakings between 1 am. and lOli 15m am., on the 
oth, and a strong earthquake took place at Oh 35m am., on the 
Oth, causing several landslips in the island. The subsequent 
shocks were very frequent, more than 100 having happened be- 
fore 11 am. the same day. On the 7th, at 2h 39m pm., there 
took place the principal earthquake, which were followed by 
more than 50 after-shocks in the course of the next 12 hours. 

According to the tromometer observation in Tokyo, the 
first shock occurred on the 5th, at J Oh 23m 26s am., between 
which time and the midnight of the 7th there were 28 
others. Of these the 22nd one, which gave the greatest diagram, 
took place on the 7th at 2h 39m 30s pm. The following table 
gives a list of the earthquakes observed on the 5th to 7th in 
Tokyo. 

* See my note on the Bokiiseliiki\ku and Bosshisho earthqimke of Jan. 11, 1908, given 
elsewhere in thin Number. 
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TABUl II.— OSHIMA (IZU) EARTHQUAKES OBSERVED IN TOKTO. 



No. 


Group. , 


Intensity in Tokyo. 

(*.... Unfelt) 


Time of Occurrence 
in Tokyo. 


Mean Time of 

Oocnnenoe in 

Tokya 


1 




5th 10" 23">26' am. 




2 




*{Stroivj in Oshixna) 


6th 40 34 „ 




3 




* 


43 37 „ 




4 




♦ 


59 16 „ 




5 




» 


1 13 43 „ 




6 




[Moderate at Yokohama) 


1 19 21 „ 




7 
8 


A 


Slight e(-sr^) 


1 38 56 „ 
1 50 50 „ 


2 08 44 am. 


9 




{Moderate at Yokohama) 


2 05 09 „ 




10 




Sligl^* Qn^) 


2 22 53 „ 




11 




« 


2 50 45 „ 




12 




« 


4 42 27 „ 




13 




*(lfoi«a/c at Yokohama) 


5 17 13 „ 




14 




♦ 


9 19 67 „ 




15 




* 


9 23 08 „ 




16 


B 


« 


10 23 30 „ 


10 53 14 am. 


17 

• 




* 


30 14 pm. 




18 




« 


49 22 „ 




19 

20 


C 


« 
* 


5 28 22 „ 
9 28 65 „ 


7 28 39 pm. 


21 


D 


« 


7th 6 12 05 am. 


6 12 05 am. 


22 


E 


C,|. 't, /Strong In OKhimaA 

OllgHtl rnther «(roii(7 At 1 

*^ VYokohama. / 


2 29 30 pm. 


2 39 30 pm. 


23 




* 


3 30 41 „ 




24 




* 


3 44 18 „ 




25 
26 


After- 
shocks. 


* 

* 


4 13 58 „ 
8 43 54 „ 




27 




« 


10 06 51 „ 




28 




• 

1 


11 09 18 „ 





8 35 
10 43 

8 27 
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From the above table it will be seen that the 12 shocks, Nos. 2 to 
13, occurred one closely after the other. Similarly the 5 shocks, 
Nos. 14 to 18, occurred together, being, however, separated from 
the preceding ones by a long interval. Thus the 21 shocks, 
Nos. 2 to 22, the last of which was the principal earthquake, 
may be divided more or less definitely into the five groups, 
A, B, C, D, and E, whose mean times of occurrence are found 
to be as follows : — 

A ( 12 shocks ) Giii: 2^ 8" 44" am. . Time Interval. 

&" 45*" 

B ( 5 „ ) 10 53 14 „ I 

C ( 2 „ ) 7 28 39 pm.["" 

D(l „ ) 7th: 6 12 05am.j " 

E ( 1 „ ) 2 39 30 pm.' ' * 

The successive intervals between the mean times of occurrence, 
which may be regarded as indicating the most active epoch of 
the different groups, were approximately equal to one another, 
varying from 8h 27m to lOh 43m. Further, the numbers of the 
shocks in the first four groups were respectively 12, 5, 2, and 1. 
That is to say, the fore-shocks of the earthquake, No. 22, 
occurred periodically in gi'oups at a mean interval of about 8J 
to 10 J hours, the activity or frequency being successively lessened, 
till the principal disturbance finally took place. This time rela- 
tion of the fore-shocks is somewhat similar to that in the case 
of the Ansei earthquake of July 9, 1854. 

The shocks, Nos. 23 to 28, were the after-shocks. It seems 
that on the occasion under consideration the fore-shocks were 
more numerous than the after-shocks. 

12. SachijO'jima earthqtiakes of 3Iay 13, 1908. The 
two principal earthquakes on May 13, 1908, at 5h 23m and 5h 
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37m am., originated mider the ocean nearly midway between the 
Cape Omae-zaki of Totomi and the island of Hachijo-jima, at a 
distance of about 100 km. to the north-west of the latter.* 
There were 5 fore-shocks, which were registered at the mete- 
orological observatory of Hachijo-jima on the Omori horizontal 
pendulum tromometer of 150 times in the EW direction, the re- 
sults of the observation being shown in Table HI. (See the 
diagram reproduced in PL XXIII.) 



TABLE m.— EARTHQUAKE OBSERVATION AT HACHIJO-JIMA. 

(Nos. l<-5 are fore-shocks). 



Time of 
occurrence at 
No. Hachijo- 
jima. 
(May 13) 



Intensity. 



1 
2 
3 
4 
5 

6 

7 



4»*44«13"am.' Insensible. 
5 06 50 
5 15 33 



Duration of 



Total 
Eqke. 



>> 



5 19 30 
5 21 43 

5 23 09 
5 37 55 



>> 



>> 



» 



Strong. 



>» 



1-15' 
2 25 
35 
30 
30 

I Longer 

Do. 



Pzelimi- 

nary 
Tremor. 



Max. 2a. 



Difference 

between the 

Buocessive times 

of occurrence. 



16.0"« 


0.043 ■""• 


16.3 


0.16 


— 


0.017 


— 


0.024 


16.8 


0.027 


15.2 


Tjarge. 




Do. 



22" 
8 
3 
2 
1 



37' 
43 
57 
13 
26 



The time difference between the 1st and 2nd shocks was 22m 
378, while that between the 2nd and 3rd shocks was shorter 
and 8m 43s. The succeeding three intervals again decreased and 
were respectively 3m 578, 2m 13s, and Im 26s. Thus in the 
present ease, the fore-shocks, the first of which had occurred 
39m before the principal earthquake, quickly increased in fre- 



* These two eatthqnolceB nie diBcnsaed more in detail elsevhere in ttuB Knmber. 
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quency till the latter was finally produced, indicating a rapid 
progress of disturbance at the focus. 

13. IHstinction between local and large earthquakes. 

A local shock, which may be regarded as originating fi'om a 
centre or point and is sometimes destructive at the epicentre, is 
characterized by the smallness of its total energy. Such a dis- 
turbance seems generally to be unaccompanied by the fore-shocks. 
On the other hand, large earthquakes, whose focus has a con- 
siderable extension and may be regarded as being equivalent to 
a collection of a great number of local centres of disturbance 
arranged along a zone, seem to be preceded on many occasions 
by minor shocks. The fore- shocks of a great earthquake may 
fii'st occur several days or several hours before the latter, and 
their time distribution may be sometimes more or less periodical. 
The phenomena of fore- shocks furnish a very interesting 
subject of study, and give a practical importance to the tromo- 
metrical observation in earthquake countries. My belief is that a 
large destructive earthquake will be foretold in its epicentral 
region by some fore-shocks. 

Tokyo. May, 1908. 
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1. Introduction. Earthquakes are caused by some sudden 
underground disturbances, which may consist in the formation or 
extension of a fault, tlie production of a fissure or cavity, tlie 
subsidence or upheaval of a piece of ground, etc. These distur- 
bances themselves are, however, the results of the stresses going 
on in the earth's crust for a considerable intei-val of time ; a great 
shock at a given portion of a seismic region occurring in general 
only once in several years or even several centuries. When, 
therefore, an earthquake is about to happen, the earth's crust in 
the vicinity of its focus is in a critical condition and must be 



102 



F. Omoh : 



very sensitive to the effects of changes in the atmospheric pres- 
sure, the amount of precipitation of rain and snow, the variation 
in the weight of the sea water in the tidal movement, etc. These 
external agencies, which constitute the secondary earthquake causes 
have evidently an important bearing on the seismic phenomena, 
and the present paper contains some notes on the relations of 
these to the time distribution of the shocks in Japan.* 

2. Examplea of local characteristics. The following aro 
some examples of the cases, in which strong or great earthquakes 
in a given region occurred in approximately the same parts of 
the year or of the day. 

(a) The destructive earthquake of Kumamoto (Kyushu) took 
place on July 28, 1889. Its numerous after-shocks gradually 
decreased in fi'equency till 1894, when a strong earthquake oc- 
curred on Aug. 8. A third strong shock took place on Aug. 27, 
1905, followed by a fourth on March 10, 1907. The times of 
occurrence of these 4 earthquakes, the three last of which were 
not destructive, are given in the following table. 

TABLE I.— LIST OF THE SEVERE KtTMAMOTO EARTHQUAKES. 



No. 


Date. 


Time of Occurrence. 


1 
2 

3 
4 


Jvdy 28, 1889. 
Aug. 8, 1894. 
Aug, 27, 1902. 
March 10, 1907. 


11" 40" pm. 
11 19 „ 
10 42 „ 
10 03 „ 



{h) The severe earthquake of May 26, 1898, at S^O^O' am., 



* The times are always given in the Ist Normal Japan Time, or that of longitude 135° E., 
of Greenwich. 
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which caused some shght damage, originated in the District of 
Uonuma, near the town of Muikamachi, in the province of Echigo. 
Six years later, namely, in 1904, a second severe earthquake took 
place on May 8, at 4h 23m 49s am., the origin being close to that 
of the preceding shock. 

(c) The great sea- waves of 1896 along the north-eastern 
coast of the Main Island, known as the Sanriku* tsunami, were 
caused by an earthquake, which took place on June 15, at 7 J 
pm. Five years later, namely, in 1901, there was also some 
tidal disturbances accompanying an earthquake which occurred 
on June 15, at 6 J pm. 

(d) The great Shonai earthquake of 1894, which caused 
enormous damage to life and property in the city of Sakata and 
the vicinity (provinces of Uzen and Ugo), took place on Oct. 22, 
at oh 35m pm. The great Riku-U earthquake of 1896 took place 
on Aug. 31, at 5h 6m pm. 

Thus it will be seen that the first three Kumamoto eartli- 
quakes, (a), were in July or August, while all the four occurred 
late in the evening, namely, between lOh 03m pm. and llh40m 
pm. The two Echigo earthquakes, (6), took place in the month 
of May, at 3h Om to 4h 23m am. The two Sanriku earthquakes, 
(c), occurred on June 15, at 6J to 7^ pm. Finally, the two great 
destructive earthquakes of Northern Japan, (rf), occurred at 5h 
6m to 5h 35m pm. 

From these examples it may be inferred that great and strong 
earthquakes in a given district often have a tendency to occur 
in certain months of the year, or at certain hours of the day. 
This is to be regarded as indicating the local peculiarities, probably 

* Sam-ifcu denotes the three large pzovinces of Riknzen, Kikuchu, and Mntso. which form 
the north-eastern part of the Main Island. 
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depending on the tidal movement of the sea water and the annual 
and diurnal variations of the barometric pressure. As an example 
relating to great earthquakes occurring along an extensive seismic 
zone, I mention the four recent destructive shocks of San 
Francisco, Mexico, and Central America, whose dates were as 
follows : — 

TABLE 11.— EARTHQUAKES ALONG THE SOXTTH-WESTERN 

COAST OF NORTH AMERICA. 



Date. 


Earthquake. 


Apiil 19, 1902. 

18, 1906. 

„ 15, 1907. 

March 26, 1908. 


Guatemala. 

Earthquake of San Francisco. 

Mexico. 

• 



Thus the first three shocks occurred all in the month of April, 
between 15th and 19th, while the 4th occurred in the latter part 
of March. 

3. Strong earthquakes in Sliimosa and Hitachi. The 

following table is a hst of the earthquakes felt strongly at Mizu- 
kaido, Sahara and other places along the lower course of the 
liOne-gaioa^ whicli forms the boundary between the two provinces 
of Shimosa and Hitachi. The land areas of disturbance, within 
which the motion was sensible or was recorded by the ordinary 
Gray-Milne-Ewing type seismographs, were in each case over 
1,000 sq. ri. 
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TABLE III.— STRONG EARTHQXfAKBS IN SHIMOBA AND HITACHI. 



No. 


Date. 


Time of Earthquake Occurrence. 


1 


March 


3, 


1902. 


9I1 13«n 


am. 


2 


j» 


25. 


9t 


2 35 


pm. 


3 


Aug. 


8. 


>> 


8 37 


am. 


4 


Dec. 


14. 


>> 


1 57 


pm. 


r> 


>, 


31, 


l> 


2 38 


pm. 


fi 


May 


8, 


1904. 


7 24 


am. 


7 


June 


30, 


» 


8 21 


am. 



It will be observed that four of the seven earthquakes given in 
the above table, namely, Nos. 1, 3, 6, and 7, occurred at 7 to 9 
am., while the remaining three, Nos. 2, 4, and 5, occurred at 1 
to 2 pm. These two groups of the times of occurrence may be 
regarded as approximately agreeing with a pair of epochs of the 
maximum and minimum in the diurnal variation .of the barometric 

pressure. 

4. General relations of the secondary catises on earths 
quake frequency. The secondary causes of earthquakes as 
enumerated in § 1 make themselves sensible by the variation of 
the vertical pressure exerted on the earth's crust. Let us examine 
a few simple cases of the relations of the secondary causes to 
earthquake frequency. 

(a) Suppose aft to be a horizontal layer of the earth's crust, 
which is undergoing a tension parallel to its plane. Then an 
increase or decrease in the pressure, c, applied vertically to it, 
will equally accelerate the formation of a vertical rupture or 
crack. (Figs. 1 and 2.) In the case the layer ah is undergoing 
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a compression in its plane, a variation in the external pressure 
may tend to produce a dislocation or slipping. 

(b) When the layer ab is being pushed upwards from below, 
a decrease in the barometric pressure, the weight of the sea 
waters, etc., will favour the occurrence of the rupture. 

(c) When the layer ab is being pushed down, the increase 
in the pressure due to the secondary causes will tend to the same 
result. 



Fig. 1. 
Pressnre 



Fig. 2. 



a 



(Up) 



c 



(Up) 



ii 



E 5 a 



; 



(Down) 



i h 



-?Kr 



(Down) 



Preiasure 

I give next a few cases illustrating some of these principles. 

5. tTinari* at Arima, 1899-1900. The earth sounds, or 
jinari, at the famous hot spring place of Arima, near Kobe (pro- 
vince of Settsu), began on July 5, 1899, and were very numerous 
during the several succeding weeks. The maximum daily number, 
probably about 200, was reached at the beginning of August, thence 
the frequency gradually decreasing. After the 8th of August, the 
times of occurrence of these jinari were carefully recorded at the 
city office of Arima; the total number during the rest of the 
month being 584. In the four months of September to December 



* The Japanese word "jinari/* which signifies earih sounds may be used to denote earth- 
quake sounds as well as those sounds heard in Tolcanic and other districts which are accom- 
panied only by very slight tremblings of the ground. 



FLZZIV. 



Diurnal Variations. 



Fig. 3 Frequency of the Jinari at Arima. 

Fig. 4 Barometric Pressare at Kobe. 




Notes on the Secondary Gaiises of Earthquakes. 



107 



there were altogether 650 of the jinari, which did not completely 
cease in the course of the next year. 

The origin of disturbance was situated at a distance of about 
2 km to the south of Arima among the Rokko Mountain, whose 
formation is of granite and diorite. Judging from the frequency 
distribution of the jiixari in the vicinity, the focal depth was very 
small, and probably between ^ and 2 km. The sounds, which were 
sometimes very loud, were mostly like that caused by the discharge 
of gun at a distance, or falling of a heavy mass on the ground. 
The tremblings of the ground, which followed the sounds after 
an interval of 0.5 to 1.0 second, were generally slight. On a 
few occasions, however, the earthquake movement was quite sharp, 
and caused the falUng down of some roof tiles, rolling down of 
rock fragments from mountain slopes, ete. 

Table IV gives the hourly distribution of the 1,234 jinari 
recorded at Arima between Aug. 8 and Dec. 31, 1899, and the 
mean hourly barometric height during the same interval for the 
meteorological observatory of Kobe, which was not much distant 
from the origin of disturbance. 



TABLE IV.— DIXJRNAIi VARIATIONS OP THE FREQUENCE OP 
THE JiyAlil AT ARIMA AND THE BAROMETRIC PREBSX7RE AT KOBE. 



Jinari at Arima. 


Atmospheric Pre.s.sure at Kobe. 


Hour Interval. 


Number oi jinari. 


Hour. 


Barometric Height.* 


h h 

0— 1 AM. 

1 2 

2 3 

3 4 
4— 5 


34 
43 
61 
60 
48 


l" XSL. 

2 

3 

4 

6 


mm 

700+57.78 
57.72 
57.66 
57.61 
67.68 
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Jinari at Arima. 


Atmaspheric Pressure at Kobe. 


Hour Interval. 


Number oi jinari 


Hour. 


Barometric Height.* 


h h 

5 6 AM. 


44 


6''aM. 


mm 

67.85 


n— 7 39 


7 


68.15 


7 8 39 

1 


8 


68.29 


8—9 1 51 

1 


9 


68.39 


9 10 60 

1 


10 


68.30 


10—11 64 


11 


57.98 


11 12 1 67 


Noon 


67.50 


1 PM. ' 5(5 


i PM. 


57.07 


12 41 


2 


56.86 


2 3 1 53 

1 


3 


66.84 


3 4 


58 


4 


66.96 


4— 5 


61 


5 


67.11 


5 fi 


40 


6 


57.30 


6— 7 


45 


7 


57.66 


7 8 


44 


8 


67.76 


8 9 


40 


9 


67.91 


9 10 


73 


10 


68.02 


10 11 


62 


11 


57.98 


11—12 


71 


Midnight. 


67.88 


Sum 


1234 






Mean 


51.4 







I 



♦ Beduction to standard gravity =—0.70 mm. 
Reduction to mean sea level = +5.40 mm. 

As illustrated in Fig. 3, the diurnal variation of the fre- 
quency of the Jinan at Arima shows very clearly 4 maxima a, 
&, c, d, and the 4 corresponding minima, indicating a six-hour 
periodicity. Further, it will be observed from Fig. 4 that the 
diurnal variation of the barometric pressure at Kobe shows 
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the two maxima and two minima, indicating as usual a 12-hour 
periodicity. Comparing the two figures, we see that the mutual 
relation between the jinari frequency and the barometric pressure 
is striking, the two maxima, h and cZ, and the two other maxima, 
a and c, of the former occurring nearly at the same hours respec- 
tively with the two maxima and minima of the latter. The 
epochs of the 4 maxima a, 6, c, c?, indicated by the mean fre- 
quency cui^ve of the jinari are as follows : — 

1st Maximum, (a) about 3 am. 

2nd „ {b) „ 11 „ 

3rd „ (c) „ 4 pm. 

4th „ {d) between 10-11 „ 

The differences between the 4 maxima a, o, 6, cZ, and the corres- 
ponding minima (the preceding minimum in each case, say), are 
as follows : — 

Difference in the frequency. 

1st Max. and Min 17 

2nd „ 28 

3rd „ 20 

4th „ 33 

Average 25 

This average difference may approximately be regarded as the 
effect due to the barometric pressure, and corresponds to about 
50^ of the mean hourly frequency, namely, 51.4. 

As the jinan are purely local phenomena of a shallow origin, 
it is to be quite expected that their frequency should be influenced 
by the barometric pressure. What was said above indicates that 
both the increase and the decrease of the pressure equally causes 
an increase in the frequency of the jinari^ in accordance with the 
principle stated in § 4, (a). 



110 



F. Omori : 



6, Diurnal variation ofearthquaUe frequency in Tokyo. 

The diurnal variation of the seismic frequency in Tokyo also 
shows clearly the same characteristic as the jinari at Arima. 
Tlie following table gives the distribution in the 24 hours of the 
day of 2,208 earthquakes instrumentally observed during the 24 
years, 1876-1899, at the Central Meteorological Observatory, and 
the mean hourly values of the barometric pressure at the same 
place.* 

TABLE V.-^DIURNAIi VARIATIONS OF THE FREQX7ENCT OF 

EARTHQUAKES AND THE BAROMETRIC 

PRESSURE, IN T0K70. 



Eartlxquakes (1876-1899). 


Atmospheric Pressure. 


Hour Interval. 


Frequency. 


Hour. 


Barometric Height.i' 


h h 

0- 1 AM. 


92 


l" AM. 


mm 

700+59.33 


1 2 


81 


2 


59.24 


2- 3 


90 


3 


59.18 


3 4 


85 


4 


59.21 


4— 5 


71 


5 


59.35 


5 6 


87 


6 


59.58 


6 7 


95 


7 


59.79 


7 8 


92 


8 


59.95 


8 9 


90 


9 


60.00 


9 10 


113 


10 


59.88 


10 11 


93 


11 


59.49 


11 12 


84 


. Noon 


58.98 


1 PM. 


79 


1 PM. 


58.56 


1 2 


91 


2 


58.31 


2 3 


85 


3 


58.27 



* Beprodaced from the Publications of the Earthquake Investigation ConimUteet No. 8. 
t With the freezing point correction. Beduction to standard gravity =—0.63 mm; 
reduction to sea-level = -f 1.94 mm. 
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TABLE V. (Com.) 



Earthquakes (1876-1899). 


Atmospheric Piossare. 


Hour Interval. 


Frequency. 


Hour. 


Barometric Height. 


h h 

3— 4 PM. 


104 


4 PM. 


mm 

700+58.33 


4^ 5 


97 


5 


58.62 


5 6 


81 


6 


58.82 


6— 7 


89 


7 


59.14 


7 8 


93 


8 


59.40 


8 9 


104 


9 


59.60 


9—10 


100 


10 


59.61 


10—11 


107 


11 


59.54 


11 12 


99 


Midnight. 


59,43 



Fig. 7, drawn from the 3 -hourly earthquake numbers, repre- 
sents the mean course of the diurnal variation of the seismic 
frequency, which will be seen to be on the whole parallel to that 
of the atmospheric pressure. That is to say, the ordinary (non- 
destructive) earthquakes felt in Tokyo happen more frequently 
with the high barometer than with the low, illustrating a case 
stated in § 4, (c). The cui've of the hourly seismic frequency 
(Fig. 5) indicates, however, 4 maxima, namely, a pair of principal 
maxima, a and 6, respectively at 9-10 am. and 9-10 pm., and a 
pair of the secondary maxima, c and d, respectively at 2-3 am, 
and 3-4 pm. On comparing Figs. 5 and 6, it will be noted that, 
according to the principle of § 4, (a), the two maxima, C and D, 
and the two minima, C^ and IX, of the barometric pressure 
correspond respectively to the pair of the principal maxima and 
the pair of the secondary maxima, of the seismic frequency. 
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7. Precipitation and yearly earthquake frequency in 
Tokyo. It is quite conceivable that the yearly earthquake 
frequency in Tokyo is related to the amount of the precipitation 
of rain and snow in the plain of Musashi, on which the city is 
situated, or along the north-western coast of the Main Island, 
where a large amount of the moisture is deposited during the 
winter months. I give in the second column of Table VI, the 
yearly numbers of the earthquakes which were not teleseismic 
and which were instrumentally recorded during the 32 years, 
1876-1907, at the Central Meteorological Observatory. The obser- 
vations were made at first with Palmieri's seismograph, but since 
1887 by means of a Gray-Milne-Ewing type seismograph. It 
will be observed that the earthquake number was minimum 
( = 32) in 1883, and maximum (=216) in 1896, thence the fre- 
quency is on the whole decreasing. For the sake of reference, 
I give in Table VII, the mean barometric pressure and tempera- 
ture, and the amount of precipitation in Tokyo during each of 
these 32 years. As a trial I have taken into consideration the 
amount of precipitation at Niigata and Akita, both situated along 
the Japan Sea coast, as the observations at these two places date 
since 1882 and 1883, respectively over the long intervals of 26 
and 25 years (Table VI). The city of Niigata, about 260 km to 
the NNW of Tokyo, is situated at the mouth of the ShmemO' gaica, 
the quarternary plain about the lower course of the latter and 
the neighbouring rivers being the largest in Japan next to the 
Tokyo plain. The city of Akita is at about 440 km to the 
north of Tokyo. 
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TABLE VI.— 

AND 



NUMBERS OF EARTHQUAKES IN T0K70, (1876-1907) 
AMOUIVT OF PRECIPITATION AT NIIGATA 
AND AKITA (1882-1907.) 



Year. 

1 


NnTnl)er of 

Eaithquakes 

in Tokyo. 


Amount of Precipitation 


a 


Niigata. 


Akita. 


Mean, 


1876 


56 








1877 


71 








1878 


50 








1879 


70' 








1880 


77 








1881 


64 








1882 


46 


I341.3n»»n 


mm 


_ mm 


1883 


32 


1796.5 


1536.4 


1666.5 


1884 


68 


1839.3 


1650.1 


1744.7 


1885 


63 


1935.9 


1809.5 


1872.7 


1886 


54 


1580.1 


1786.0 


1683.1 


1887 


80 


1467.9 


1465.3 


1466.6 


1888 


101 


1681.3 


1579.6 


1630.5 


1889 


113 


1889.3 


1937.6 


1913.5 


1890 


93 


1784.0 


1971.6 


1877.8 


1891 


123 


1877.7 


1820.0 


1848.9 


1892 


73 


1809.9 


1641.4 


17-25.7 


1893 


59 


1717.9 


1775.2 


1746.6 


1894 


101 


1418.0 


1596.1 


1507.1 


1895 


122 


1586.7 


1331.0 


1458.9 


1896 


216 


1854.1 


2335.1 


2094.6 


1897 


164 


2257.8 


1964.5 


2111.2 


1898 


144 


1777.6 


1639.0 


1708.3 


1899 


124 


1853.0 


1972.3 


1912.7 


1900 


156 


1953.3 


1864.0 


1908.7 


1901 


121 


1861.4 


1651.6 


1756.5 


1902 


116 


1693.3 


1833.8 


1773.6 


1903 


104 


1858.9 


2141.4 


2000.2 


1904 


155 


1986.5 


1956.2 


1971.4 


1905 


154 


2133.5 


1957.2 


2045.4 


1906 


132 


1713.2 


1535.0 


1624.1 


1907 


100 


1741.7 


1548.8 


1645.3 
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TABI.E Vn. MXAK BAROBIUTRZC PRBBSURE AND TBMPERATURE, 


AXtD THE AMOTTNT OF PRECIPITATION. 




TOKYO. X876— 1907. 


Year 


Mean Barometric 


Mean 


Annual Amount of 


Pressure.* 


Temperature. 


Precipitation. 




mm 


o 


mm 


1876 


761.1 


13.6 C 


1756.4 


1877 


61.5 


13.9 


1317.3 


1878 


61.5 


13.6 


1764.2 


1879 


61.0 


14.4 


1492.7 


1880 


61.3 


13.9 


1685.7 


1881 


61.4 


13.6 


1444.4 


1882 


61.5 


13.8 


1478.3 


1883 


61.4 


13.2 


1552.6 


1884 


61.2 


12.8 


1314.8 


1885 


61.3 


13.0 


1531.7 


1886 


61.5 


13.9 


1286.3 


1887 


60.8 


13.8 


1250.0 


1888 


61.0 


13.5 


1378.5 


1889 


61.2 


13.3 


1319.3 


1890 


61.0 


15.0 


1958.2 


1891 


61.2 


14.4 


1220.8 


1892 


61.0 


14.0 


1715.1 


1893 


61.2 


13.8 


1161.3 


1894 


61.5 


14.8 


1320.8 


1895 


61.1 


13.8 


1397.8 


1896 


61.5 


14.0 • 


1373.9 


1897 


61.6 


13.2 


1497.2 


1898 


61.2 


13.9 


1711.9 


1899 


60.7 


13.8 


1649.1 


1900 


61.0 


13.6 


1188.0 


1901 


60.3 


13.8 


1588.9 


1902 


60.7 


13.7 


1753.7 


1903 


61.1 


13.7 


1912.2 


1904 


60.8 


13.7 


1381.8 


1905 


61.2 


13.5 


1330.1 


1906 


60.3 


13.1 


1519.5 


1907 


60.7 


13.5 


1640.4 



• With the freezing point, sea level, and gtuTity correctioDR. 
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The variation from year to year of the earthquake number 
in Tokyo seems to have no marked general relation to that of 
the amount of the precipitation, or to the mean temperature 
and barometric pressure, at the same place. The Tokyo seismic 
frequency varied, however, in a close parallelism with the amount 
of the precipitation at Niigata and Akita. As will be seen from 
Figs. 9 and 10, both ihe absolute amount of the precipitation and 
the general course of its variation with years were nearly ahke 
for these two places ; the annual amount of precipitation being 
in each case taken to be a function of the time. Fig. 8 illustrates 
the variation of the yearly seismic frequency in Tokyo, and of the 
mean amount of the precipitation at Niigata and Akita (Table VI). 
The curve for the seismic frequency will be observed to be, on the 
whole, similar to that for the precipitation (drawn in red); the highest 
values in both occurring in the two years 1896 and 1897. In fact 
the different maxima in the frequency correspond to those in the 
amount of the precipitation, and the two curves run nearly parallel 
to each other. This coincidence is probably not accidental, and the 
variation of the yearly number of the earthquakes felt in Tokyo 
may be taken to be approximately proportional to the amount of 
precipitation along the north-western side of the Main Island. 

8. Weather and destructive earthquakes. In Japan, India, 
America, and probably also in some other countries, earthquakes 
are popularly supposed to occur specially in the so-called eai'th- 
(juake tceather, namely, on sultry days. This is, however, not true, 
at least not generally. On the other hand, Carlyle says in his 
French Revolution : " Hope ushers in a Revolution, — as earthquakes 
are preceded by bright weather." Whatever may be the authority 
in seismological matters of the great British author, there were 
certainly many earthquakes which occurred in bright weather. 
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Indeed the relation of earthquakes to weatlier is a very complicated 
question, as it involves the considerations of the atmospheric 
pressure, temperature and moisture, and the precipitation. Large 
shocks and small shakings are often governed, in their time 
distribution, by entirely opposite laws. So are also earthquakes 
of inland origin and those of submarine origin. For the present, 
I shall confine myself to tho consideration of some of the great 
destructive earthquakes in Japan, of which we have the record 
of the state of the accompanying weather. There were 18 of 
these shocks, as follows. 



TABLE Vni.— RELATION TO TVEATHER OF THE 
DESTRUCTIVE 



No. 




^ I Aug. 3. 1361. 



Sept. 20, 1498. 



Sept. 21, 1510. 



Jan. 18, 1585. 



^ ' Sept. 4, 1596. 



June 16, 1662. 



Time of 
Occurrence. 



Provinces strongly 
shaken. 



4 nm. 



9 nm. 



3 am. 



Midnight. 



1 am. 



11 am. 



I 



Remarks on the Weather. 



Kinai Provinces,* Kii, 
Awa. (Accompanied by 
tsunami.**) 

Ise, Totomi, Mikawa, Kai, 
Suruga, Sogami, Izu. 
(Accompanied by tsu- 
nami,) 

Settsu. The loriU or tem- 
ple gate of Shitenno-ji, 
overthrown. 



! Kinai Provinces, Omi, 
i Mino, Owari, Ise, Mika- 
I wa. (Accompanied by 
I tsuTMmi.) 

, Yamashiro, Settsu, Iznmi. 
I (The great Keicho Earth- 
I quake, which destroyed 
the castle of Fushimi.) 

Einai Provinces, Tanba, 
Wakasa, Omi, Mino, Ise, 
Suruga, Mikawa, Shinano.i 
(The Kwanbun Earth- | 
quake). 



Fair (Kyoto) 



Do. 



Do. 



Snowy (Kyoto). 



Fair (Kyoto). Continued 
to be fair till 8th ; rain 
and wind on 9th. 



In Kyoto, occasional rains 
from the previous even- 
ing ; heavy rainfall at the 
time of the shock. 



* The Kinai Provinces are Yamashiro, Yamato, Kawachi, Izumi, and Settsu. 
** Tsunami denotes the great tidal disturbances, which may be caused by submarine earth- 
quakes, volcanic eruptions, or by barometric depressions. 
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TABLE Vm. (Cmt) 



No. 



Date. 



Time of 
Occiurence. 



Provinces strongly 
shaken. 



Bemarks on the Weather. 



Feb. 1, 1666. 



! Dec. 31, 1703. 



U 



10 



12 



13 



14 



15 



Oct. 28, 1707. 



Dec. 9. 1802. 



11 iA:ifti--^-t--.B+z:B 

^^ Dec. 18, 1828. 



Aug. 19, 1830. 



May 8. 1847. 



July 9, 1854. 



Dec. 23, 1^4. 



16 ' «ik7C^-+-;i5B 

^" I Dec. 24. 1854. 



I 



17 



«Ai:i:^i-J!r:B 

Nov. 11, 1855. 



5 pm. 



3 am. 



1 pm. 



Ei^rly 
morning. 

7 am. 



4 \iTa. 



10 pm. 



2 am. 



9 am. 



5 pm. 



10 pm. 



Takata (Echigo.) 



Yedo (Tokyo), Sagami, 
Awa, Kaznsa. Accom- 
panied by tsunami, (The 
Qenroku Earthquake.) 

Kyushu to Tokoido. (The 
Hoei Earthquake, the 
greatest of the distur- 
bances that ever shook 
Japan in the historical 
times.) 



Ogi (province of Sado.) 



Sanjo and vicinity (pro- 
vince of Echigo). (Ilie 
Bunsei Earthquake.) 



Kyoto and the Kinai 
Provinces. (The Tenpo 
Earthquake.) 



Shinano and Echigo. 
(The great Zenkoji Earth- 
quake.) 

Kinai Provinces, Iiga« Ise, 
Kii. (One of the Ansei 
Earthquakes.) 



Tokaido. (One of the 
Ansei Earthquakes.) 

Saikaido and Nankoido. 
(One of the Ansei Earth- 
quakes.) 

Yedo (Tokyo.) 



Heavy snow fall, to the 
amount of some 15 feet. 



Fair in Yedo (Tokyo). 
Calm and clear in Kyoto. 



In Kyoto, clear and calm. 
In Toaa (Shikoku), very 
clear and bright, with no 
cloud at all ; no wind 
throughout the day, and 
warm as in summer. 



On the 8th, very clear 
and calm. 



Great snow storm in the 
night of the 17th, and 
some rain and strong 
winds in the morning of 
the 18tb. 



Fair on the 18th— 20th ; 
heavy rain on the 21st ; 
fair on the 22nd and 
23rd; some miu on the 
24th. 



Clear, calm and warm, 
in the day time and the 
evening of the 8th. 

On the 8th, fair during 
the di\y time, with rain 
and thunder in the even- 
ing (Kyoto). 

Fair in Kyoto, Kii, and 
the Tokaido provinces. 

Same fair weather as on 
the provions day. 



Daring the day, cloudy 
and sl^tly rainy. Clear- 
ed up in the evening, 
the wind being unusual- 
ly calm. 
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TABLE Vm. (ContJ 



Na 


DHte. 


Time of 
Occazrenoe. 


Pzovinoes strongly 
shakeii. 


Bemarks on the Weather. 


18 


Oct. 28, 1891. 


1 
6.37 am. Mino-Owori Eqke. 

1 

1 

1 

1 

t 

1 


At Gdfa, the amoont of 
precipitation during Oct- 
ober 1891 was nnnstially 
small, there being no 
rain fiJl at all between 
the let and 22nd of the 
month. Since the 23nl, 
there were some occa- 
sional rains, which ceas- 
ed completely at about 
6h 40m am. on the 28th. 
The sky began to clear 
np from abont 8h 15m 
am. in the same morning. 
The great earthquake 
took place at 6h 37m am., 
while the barometer was 
falUng. 



The relation to weather of the 18 earthquakes mentioned in 
the above table was as follows : — 

Fair or clear weather 12 earthquakes. 

Cloudy „ 2 „ 

Bainy or snowy „ 3 „ 

Rainy and windy „ 1 „ 

Thus it will be observed that 12 out of the 18 earthquakes 
occurred in fair or clear weathers. There was only one case, 
No. 7, in which the weather was rainy and windy. This, how- 
over, took place in Echigo, where there is during the winter 
months much wind and precipitation, so that it is not at all 
surprising that a strong earthquake should occur at Takata in a 
bad weather. Again, of the 18 destnictive earthquakes, none 
occuiTcd in a wet sultry weather, which is a contradiction to the 
popular belief before referred to. It is extremely probable that 
great shoclcs do not occur in very bad weathers. 

The two great earthquakes of Iloei and Zenkoji (Nos. 9 and 
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13) and the Ogi earthquake (No. 10), whose dates were from 
Oct. 28 to May 8, took place each on a very clear, calm and 
warm day. It is probable that these destructive seismic dis- 
turbances happened when, after the passage of the atmospheric 
depressions, the whole of Japan was covered by the high 
pressure, so that the weather was fine and calm, and consequently 
warm in the day time; just in the same way as a snow storm 
in Tokyo is generally followed by a bright and warm day. 

9. Earthquake weather and fires. None of the destructive 
earthquakes in Japan ever happened in the midst of a violent 
storm. This is a very fortunate circumstance in connection with 
the disastrous fires which so often break out after great shocks. 
Thus, on the occasion of the Yedo (Tokyo) earthquake of the 
2nd year of Ansei, (No. 17), which took place at 10 pm., and 
which caused a loss of about 7,000 lives, fires broke out at 32 
different places in the city. Owing, however, to the stillness of 
air, all these fires were put out before the day-break, the aggre- 
gate area of the burnt districts being about 1 square mile. This 
amount of the damage is much smaller than in the cases of some 
of the metropolitan fires, which were not connected with earth- 
quakes. For instance, the famous Maruyama fire of the 3rd 
year of Meireki, on March 2, 1657, caused the loss of 107,046 
lives; while the great fire of April 1, 1772, began at Meguro 
and reached, within 24 hours, to the Koishikawa, Shitaya, and 
other northern districts, reducing to ashes all the buildings within 
an area 24 km in length and 4 km in width. These and other 
gigantic fires in Yedo (Tokyo) all occurred on the occasion of 
great stroms, and, in the case of the Meireki catastrophe, the 
wind velocity is supposed to have reached 60 miles per hour. 
As, however, the destructive earthquakes never occurred on 



120 F. Omori : 

stormy days it is to be expected that the fires following these 
would not extend so enormously, provided means be properly 
taken for subduing the flames.* 

10. Effects of barometric pressure and tides. Let us 
next consider the eflects on the seismic frequency of the tides 
combined with the barometric pressure, confining our attention to 
the stronger or larger earthquakes, which originated in the 
vicinity of Tokyo or off the north-eastern coast of the Main 
Island. The times of the high or low waters of the tide given 
in the subsequent tables, relate to the tide-gauge station of 
Reigan-jima, Tokyo, and are practically identical to those for 
Yokohama, The tidal movements along the north-eastern coast 
of the Main Island take place some half an hour earlier than 
those at Tokyo and Yokohama. 

U. Stronger earthquakes originating from the Izu iS" 
latid zone. Table IX is a list of the 14 recent stronger sub- 
marine earthquakes, which originated along the Fuji volcanic 
chain, namely, from among the Izu islands or in the vicinity of 
Hachijo, Ogasawara (Benin), and other islands some distance off* 
the coast of Izu peninsula ; the moment of the higli or low water 
at Reigan-jima (Tokyo) nearest to the time of occurrence of each 
earthquake being also given for the sake of comparison. 



* §§ 8 and 9 are translations of my notes in Japanese published in the "Toyo Gakugei 
Zassbi," Dec. 1906. 
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TABLE IX.— UBT OF THE RECENT STRONGER SUBMARINE 
EARTHQUAKES WHICH ORIGINATED ALONG THE 

FUJI VOLCANIC CHAIN. 



(i) 


Date. 


(ii) Time 

of Eqke. 

Occurrence. 


(iii) Time of High or 

Low water at 
Beigan-jima (Tokyo). 


Time 

Difference 

(ii)-(ui). 


April 


16, 


1890. 


h ni 

9 30 pm. 


h m 

9 18 pm. 


1 • 

Low water. 


h m 

12 


Feb. 


12, 


1896. 


6 38 am. 


4 43 am. 


High water. 


1 55 


May 


7. 


91 


2 37 pm. 


1 51 pm. 


99 


46 


Jan. 


18, 


1897. 


9 27 „ 


|0 38 am. 
1 (next day). 


Low water. 




March 27, 


1898. 

• 


3 24 am. 


2 59 am. 


99 


25 


Jan. 


31, 


1900. 


2 38 „ 


23 „ 


99 


2 15 


Nov. 


5, 


99 


4 41 pm. 


3 45 pm. 


High water. 


56 


>» 


9. 


>> 


2 55 am. 


1 29 am. 


Low water. 


1 26 


» 


19. 


99 


10 59 pm. 


10 30 pm. 


99 


29 


Feb. 


20, 


1902. 


10 50 am. 


10 44 am. 


» 


06 


Jnne 


3, 


1903. 


28 pm. 


11 36 ., 


High watet. 


52 


Nov. 


13, 


1904. 


9 49 am. 


8 55 „ 


>» 

1 


54 


Jnne 


7, 


1905. 


2 40 pm. 


3 03 pm. 


Low water. 


-0 23 


May 


4. 


1907. 


5 37 „ 


4 43 „ 


99 


54 
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With regard to the diurnal variation of the barometric 
pressure, the times of the earthquakes tabulated above may be 
grouped, except the 2nd and the last, as follows : — 



h m 

/2 37 pra. 



Ill 



(A) 



I 9 30 pm. 

9 27 „ 
110 50 „ 




(B) 



( 10 50 am. 
9 49 ,. 



f: 



j> 



>> 



8 24 am. 

(Z?) J2 38 

(2 55 

The two groups A and B occurred at the hours of the barometric 

maximum, while the two other groups C and D occurred at the 

hours of the barometric minimum. 

The difference between the time of earthquake occurrence 
and the nearest moment of the high or low water of the tide 
varied, except in the case of the 4th earthquake, between Oh 12m 
and 2h 15m, giving the average value of 50m. This is to be 
regarded as the interval by which the different earthquakes 
followed, except in one case, the high or low water in the Tokyo 
Bay, which happens not much apart in time from that along the 
islands of the zone in question. 

12. Recent strong earthquakes felt in Tokyo. In § 8 I 

have considered some of the great destructive eartliquakes in 
Japan in relation to weather. Turning now our attention to tlie 
recent earthquakes felt in Tokyo, we have 14 cases, in which 
the motion was strong or severe; amongst others, the shock 
(No. 7) of June 20, 1894, was semi-destructive and caused a 
considerable amount of damage. The relation of their times of 
occurrence to the low or higli water epoch of the tide and the 
baiometric pressure is shown in the following table. 
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TABLE X. 



LIST OF STRONQ EARTHQUAKES FELT IN TOKYO. 

(h) High water ; (1) Low water. 



Xo. 



Di\te. 



Time of 
Earthquake 
Occurrence. 



Time of High or 

Low Water at 

Reigan-jima, 

Tokyo Bay. 



Barometric Pressure. 

(With Bca-level and freezing 

lK)int corrections). 



Feb. 22. 1880. 



h HI \\ ni 

49 am. ' 2 08 am. (h) Min. 754.0 mm. Pressure rose after 

the shock. 



2 , Oct. 15, 1884. I 4 21 am. 2 00 am. (h) Min. 754 mm. at 4 pm.. on 14th. 



3* 

4* 



Jan. 15. 1887. : 6 51 pm. { 3 36 pm' m ! ^'^^' ^^^ ^^' *^^ ^ '^™-» ^^ ^'^^^' 



April 29. 1888. 



10 00 am 



f 7 13 am. (h) ' Bar. height =759 mm, pressure de- 
I 1 25 pm. (1) cretisiug. 



5 , Feb. 18, 1889. 

I 1 

fi* Dec. 24, 1891. I 



G 09 am. 
5 30 am. 



7* ! June 20, 1894. 2 04 pm. 



8 Jan. 18, 189:). 10 48 pm. 



9 April 23, 1901. | 3 10 am. 



7 04 am. (h) Min. 746 mm, at 2 pm., on 17th. 



5 07 am. (1) Bar. height = 762 mm, pressure in- 

creiising. 

42 pm. (1) ; Min. 754.7 mm, at 3-8 pm., on 

' 20lh. 

t 

10 49 pm. (h) Min. Meim pressure on 18th = 

752.6 mm. 

3 23 am. (1) On 23rd, Min. 757 mm. at 4 am., 

Pressure increasing 



10 June 23, 1902. 7 43 am. 6 31 am. (h) Miu. 741.5 mm, at 7 am. on 2ah. 



U i Feb. 2i. 1906. 



12 June 11. 1907. 



]3 1 Sept. 22, 1907. 



U* , Nov. 22. 1907. 



9 14 am. 

8 59 am. 

4 50 am. 

2 17 am. 



6 .57 am. (h) 1 Mean pressure on 24th = 759 mm. 
! Barometer ascending. 

f 4 29 am. (h) | j^j^ 7^^^ ^^ ^^ ^^ ^^^^ 

( 1 16 i)m. (1) » 1 • 

r 07 n \ Pressure in the normiU condition. 

J z/ am. lU) j^^^ height = 756 mm at 6 am.. on 

22nd. 

2 06 am. (1) 1 Max. 774 mm. at 6 am., on 22nd. 



* Earthquakes of inland oriipn. 



With regards to the atmosplieric pressure, it is a notable 
fact tliat 8 out of the 14 earthquakes were accompanied by the 
marked depression of 741.5 to 754.7 mm. and one by a very 
liigh pressure of 774 mm; there being only 5 earthquakes whicli 
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occurred when the pressure was in the normal condition, between 
75G and 762 mm. Of the 8 cases of barometric minima above 
noted, 4 preceded, 2 followed, and 2 were nearly simultaneoiis 
with the respective earthquakes. These relations to the atmos- 
pheric pressure of the strong and severe shocks need not 
necessarily be similar to those in the case of the great destructive 
earthquakes (§ 8). 

The difference between the time of earthquake occiuTence 
and that of the corresponding high or low water of the tide 
varied in 11 out of the 14 cases, between Oh Om and 2h 21m; 
only in the 3 remaining cases, earthquakes happened midway 
between the high and low waters. Again, of the 8 earthquakes 
accompanied by barometric depressions, six were of submarine origin, 
and five of these occuiTcd near the time of the high waters. On the 
other hand, of the 5 earthquakes of inland origin, three occurred 
with the low water and two between the low and high waters. 

13. lAst of the stronger earthquakes whose origins were 
not tnuch distant from Tokyo. The two tables XI and XII 

give a list of the 145 stronger earthquakes, which happened 
between 1902 and 1907, and whose origins were mostly in the 
Kwanto provinces* or off their coasts not much distant from 
Tokyo. The land area of disturbance of each of these earth- 
quakes, including that in which the motion was insensible but 
was recorded by the ordinary Gray-Milne-Ewing type seismo- 
graphs, was greater than 1,000 square ri. (See also the Bulletin^ 
Vol. II, No. 1.) The time of the low or high water in the Tokyo 
Bay nearest to that of each of the earthquakes is given in the 
4th column of the two tables. The different earthquakes are 
di\ided into ten groups according to the positions of their origins- 

* The Kwanto proyinces are Sagami, Mnsashi, Awa, Kozusa, Shimoen, Hitaclii, etc. 
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—STRONGER BARTHQUAKBS 
MUCH DISTANT FROM 



WHOSE CXOnPRES WERE NOT 
INLAND ORiaiN. 







(i) Time of 


(ii) Time of the 


Time 


Origin of Eqke. 


Date. 


Earthquake 


. High or Low 


Difference 






Occurrence. 


Water. 


(i)-(ii). 




Dec 9, 1902 
March 13, 1903 


Ih 53™ am. 
3 04 pm. 


/ 5h00«>am. (1) 
. 11 02 pm. (h) 
( (preceding day). 
5 23 pm. (h) 


h m 
-2 19 


Group I. 


AprU 24, 1905 
May 30, „ 
May 10. 1906 


5 15 am. 
4 32 am. 
2 34 pm. 


3 33 am. (1) 
2 33 am. (h) 
1 54 pm. (1) 


1 42 
1 59 
40 




Jnly 27, 1907 


4 23 pm. 


1 55 pm. (1) 


2 28 




Nov. 10, „ 


2 03 am. 


3 12 am. (1) 


-1 09 




»» 22, „ 


2 17 am. 


2 06 am. (1) 


11 




Jan. 17, 1902 


4 18 am. 


4 59 am. (1) 


-0 41 




April 1, „ 


5 32 am. 


5 03 am. (1) 


29 


Group II. 

Sogami. 


July 1, „ 
Sept. 16, „ 


2 01 am. 

3 19 am. 


40 am. (h) 
4 09 am. (h) 


1 21 
-0 50 




July 9. 1903 


3 00' pm. 


/ 11 pm. (1) 
I 5 14 pm. (h) 






Jan. 15, 1906 


7 55 am. 


8 49 am. (h) 


-0 54 




March 3, 1902 


2 35 pm. 


36 pm. (1) 


1 59 




June 20, „ 


5 49 pm. 


4 58 pm. (h) 


51 




Nov. 5, „ 


5 49 pm. 


f 3 00 pm. (1) 
[ 8 08 pm. (h) 






Mareh 13, 1903 


1 11 pm. 


21 pm. (1) 


50 


Group m. 

Western part of Hitachi, 
and Shimotsnke. 


July 6, .. 
»f 15, „ 


3 19 am. 

4 51 am. 


2 42 am. (h) 

3 16 am. (1) 


37 

1 35 




»♦ ^1» »» 


2 06 pm. 


2 21 pm. (h) 


-0 18 




April 27, 1904 


3 14 am. 


3 00 am. (h) 


14 




Sept. 17, 1906 


5 27 pm. 


5 18 pm. (h) 


09 




April 18, 1907 


2 33 am. 


2 23 am. (1) 


10 


Group rv. 

Kai. 


May 25, 1902 
Feb. 3, 1903 


8 29 pm. 
4 59 am. 


7 02 pm. (h) 
3 27 am. (1) 


1 27 
1 32 
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TABLE XI. (Cont.) 







(i) Time of 


(ii) Time of the 


Time 


Origin of £qke. 


Date. 


Earthquake 


High or Low 


Difference 






Occurrence. 


Water. 


(iHii). 




March 3. 1902 


y'» 13"^ am. 


H'a3«Um. (h) 


-2''00n^ 




»» 25, „ 


2 35 pm. 


1 09 pm. (1) 


1 26 




May 15, „ 


7 38 am. 


5 57 am. (1) 


1 41 




Ang. 8, „ 


8 37 am. 


8 05 am. (h) 


32 




Dec. 14, „ 


1 57 pm. 


4 05 pm. (h) 


-2 38 




*» 31, „ 


2 38 pm. 


1 14 pm. (1) 


1 21 




Jan. 5, 1903 


8 44 am. 


9 00 am. (h) 


-0 10 




March 12, „ 


5 35 am. 


4 23 am. (h) 


1 12 




April 22, „ 


5 02 am. 


7 55 am. (1) 


-2 53 




May 6, „ 


8 52 am. 


7 27 am. (I) 


1 25 




June 7, „ 


8 33 am. 


10 11 am. (1) 


-1 33 




Dec. 9, „ 


8 55 am. 


8 30 am. (h) 


25 


Group V. 

Shimosa, \icinity of 

Kasumiga-ura (Hitiicid), 

Eazusa, eastern x>nrt 

of Mnsashi. 


March 12, 1904 
April 4, „ 
May 8, „ 


6 12 am. 
8 20 am. 

7 24 am. 


8 51 am. (1) 
7 49 am. (h) 
6 03 am. (1) 


-2 39 

31 

1 21 




June 30, „ 


8 21 am. 


6 43 am. (h) 


1 33 




Aug. 4, „ 


9 49 pm. 


10 31 pm. (h) 


-0 45 




Oct. 5, „ 
AprU 6, 1905 
May 30. „ 


35 am. 
9 30 pm. 
4 32 am. 


1 24 am. (h) 

6 16 pm. (h) 

1 31 am. (I) 

(next day). 

^ 2 33 am. (h) 


-0 49 
1 59 




June 11, „ 


11 51 xnti. 


12 am. (h) 
I (next d*iy). 


^0 21 




Sept. 21, „ 


10 00 pm. 


10 05 pm. (h) 


-0 05 




»» ^*i i» 


2 08 am. 


50 am. (h) 


1 18 




Cct. 19, „ 
Jan. 9, 1906 
Feb. 18, „ 


9 10 am. 
6 51 pm. 
2 15 pm. 


8 18 am. (h) 
/ 3 39 pm. (h) 
. 42 am. (1) 

(next day). 

11 22 am. (h) 


52 
2 53 




^lay 21, „ 


3 56 pm. 


4 57 pm. (h) 


-1 01 




.• ^9» »» 


11 22 pm. 


10 11 pm. (h) 


1 11 



I 

i 
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TABLE XI. (Cont.^ 












(i) Time of 


(ii) Time of the 


Time 


Origin of Eqke . 




Date. 


Earthquake 


High or Low 


Difference. 






1 


Occurrence. 


Water. 


(i)-(ii) 




Aug. 


21, 1906 


5h 42*" am. 


5''23«»am. (h) 


Oh 19 ni 




»> 


22, „ 


08 am. 


1 13 am. (1) 


-1 05 




Oct. 


6. t* 


6 35 pm. 


6 43 pm. (h) 


-0 08 


Group V. 

Shimosa, Vicinity of 

Easumiga-nm (Hitachi), 

KaziiBa, eastern part 

of Mnsashi. 


Nov. 
Dec. 
Jan. 


12, „ 
24, „ 
3, 1907 


11 07 pm. 
5 46 pm. 
3 42 am. 


10 03 pm. (1) 
8 06 pm. (1) 
2 39 am. (1) 


1 04 

-2 20 

1 03 


{Covi.) 


Feb. 


22, „ 


9 57 pm. 


8 02 pm. (1) 


1 55 




March 13, „ 


38 am. 


J 11 53 pm. (1) 
(preceding day) 


45 




July 


2, „ 


5 45 am. 


4 32 am. (I) 


1 13 




Nov. 


28, „ 


11 28 am. 


01 pm. (h) 


-0 33 




Dec. 


11. „ 


5 54 pm. 


4 11 pm. (1) 


1 43 



TABLE XII.—STRONOER EARTHQUAKES 

NOT MUCH DISTANT FROM TOKYO. SUBMARIITE ORIGIN 







(i) Time of 


(ii) Time of the 


Time 


Origin of Eqke. 


Date. 


Earthquake 


High or Low 


Difference. 






Occurrence. 


Water. 


(i)-(ii) 




May 17, 1902 


Ih 18"»pm. 


1»>50" pm. (h) 


-Oh 32«^ 




Oct. 16, „ 


1 57 am. 


4 16 am. (h) 


-2 19 




Feb. 13. 1903 


45 pm. 


1 28 pm. (1) 


-0 43 




July 1, „ 


9 10 am. 


10 03 am. (h) 


-0 53 




Dec. 18, „ 


11 20 am. 


11 54 am. (1) 


-0 34 


Group VI. 

Off the coARt of 

Hitachi. 


March 8, 1904 
Oct. 2. 1905 


3 40 am. 
10 54 am. 


4 31 am. (I) 

( 7 26 am. (h) 
\ 2 42 pm. (1) 


-0 51 




Dec. 26, „ 


11 pm. 


22 pm. (1) 


-0 11 




Jan. 25, 1907 


6 35 pm. 


flO 12 pm. (1) 
\ 1 02 pm. (h) 


_ — 




April 30, „ 


51 pm. 


2 05 pm. (1) 


-1 14 




May 5, „ 


2 16 am. 


4 51 am. (1) 


-2 35 




Oct. 15, „ 


9 05 am. 


1 6 02 am. (1) 
1 1 54 pm. (h) 
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TABLE XII. (Gont,) 









(i) Time of 


(ii) IMme of the 


Time 


Origin of Eqke. 


Date. 


Earthquake 


High or Low 


Difference. 








Occurrence. 


Water. 


(i)-(ii) 




Nov. 


13. 1902 


8h 15"' am. 


10i»06«am. (1) 


-Ih 5in> 




Oct. 


27. 1904 


6 24 am. 


6 37 am. (h) 


-0 13 


Group VII. 

Off the coast of 
Shimosa. 


Dec 
Oct. 
Nov. 


12. .. 
10. 1905 
2, ,. 


9 56 am. 

10 54 am. 

11 21 am. 


r 5 29 am. (h) 
46 pm. (1) 

10 21 am. (1) 
8 45 am. (h) 


33 
2 36 




May 


18, 1906 


9 36 pm. 


9 03 pm. (1 ) 


33 




if 


19. .. 


1 31 am. 


2 41 am. (h) 


-1 10 




July 


26. 1902 


7 51 am. 


8 3U am. (h) 


-0 49 




Jan. 


31. 1903 


1 47 am. 


1 47 am. (1) 


00 




March 26, „ 


59 am. 


3 37 am. (h) 


-2 38 




April 


19. .. 


7 48 pm. 


f 5 02 pm. (1) 
1 10 36 pm. (h) 






July 


12, 1901 


7 40 pm. 


4 46 pm. (h) 


2 54 




♦» 


15. ., 


3 44 nm. 


1 39 am. (1) 


2 05 




♦» 


16. ,. 


10 09 am. 


7 26 am. (h) 


2 43 




»t 


17. ., 


4 27 am. 


3 08 am. (1) 


1 19 




t> 


18. ,. 


7 51 pm. 


9 29 pm. (h) 


-1 38 




ft . 
Feb. 


19, ,. 

20. ., 
17, 1906 


6 20 pm. 
30 pm. 
6 41 am. 


5 03 pm. (1) 

10 58 am. (h) 

f 4 23 am. (1) 
1 9 52 am. (h) 


1 17 


Group Viil. 

Off the K coast of 
Awa-Kazusa Peninsala. 


1 32 




»» 


23, ,. 


6 49 pm. 


5 13 pm. (h) 


1 36 




ft 


24. .. 


9 14 am. 


6 50 am. (h) 


2 24 




Marcl] 


I 6. „ 


1 38 am. 


2 48 am. (h) 


-1 10 




•• 


14, .. 


8 32 pm. 


8 13 pm. (h) 


19 




April 


8. ,. 


2 52 pm. 


41 pm. (1) 


2 11 




May 


7, .. 


8 01 am. 


f 3 55 am. (h) 
(11 27 am. (1) 






ff 


28, ,. 


6 59 am. 


6 45 am. (h) 


14 




Sept. 


9f .. 


3 53 am. 


3 23 am. (1) 


30 




Oct. 


19, „ 


9 29 pm. 


5 31 pm. (h) 
1 45 am. (1) 
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TABIiE Xn. (Ooni.) 











(i) 


Time of 


(ii) Time of the 


Time 


Origin of Eqke. 


Date. 




Earthquake 


High or Low 


Difference. 










Occurrence. 


Water. 


(iMii) 




Nov. 


11, 


1906 


(P 


33™ am. 


|llh28°>pm. (h) 
( (preceding day). 


Ih 05»° 




»» 


23. 


»» 


3 


32 pm. 


5 52 pm. (1) 


-2 20 


Group Vni. 

OfE the ooast of 

AWa-Kazusa Peninsula. 

(Chnt.) 


Jan. 
Feb. 
June 


25, 

6, 

11, 


1907 
ft 



5 
8 


33 am. 
38 pm. 
59 am. 


3 26 am. (h) 

5 18 pm. (1) 

/ 4 29 am. (h) 
\ 1 l6 pm. (1) 


-2 53 
20 




»» 


14, 


1* 


1 


43 pm. 


2 38 pm. (1) 


-0 55 




Sept 


22, 


ft 


4 


50 am. 


5 27 am. (h) 


-0 37 




Apri 


18. 


1904 


8 


03 pm. 


6 57 pm. (h) 


1 06 


Group IX. 

Off the ooost of Sa^imi, 

and outside the 

Tokyo Bay. 


Jan. 
Nov. 


8, 1906 
7, „ 


n 
11 


00 pm. 
54 pm. 


11 50 pm. (1) 

f 6 46 pm. (h) 
4 16 am. (1) 
(next day) 


-0 50 




Oct. 


13, 


1907 


1 


46 pm. 


2 35 pm. (1) 


-0 49 




March 12, 


1902 


10 


48 am. 


f 1 53 pm. (1) 
6 36 am. (h) 






April 


5, 


t» 


7 


23 pm. 


10 16 pm. (1) 


-2 53 




tt 


6, 


», 


2 


13 am. 


3 30 am. (h) 


-1 17 




June 


23, 


f» 


7 


42 am. 


6 31 am. (h) 


1 11 




Aug. 


7, 


t* 





36 pm. 


2 40 pm. (1) 


-2 04 




Oct. 
Aug. 


12. 
23, 


ft 
1903 


10 
9 


24 am. 
33 pm. 


/ 7 41 am. (1) 
t 1 38 pm. (h) 
f 5 47 pm. (h) 
1 1 05 am. (1) 




Group X. 
Tokyo Bay, and 
Uraga Channel. 


Oct. 
Nov. 


27, 
6, 


»» 
*t 


9 

7 


57 pm. 
04 pm. 


9 47 pm. (h) 
5 53 pm. (h) 


10 

1 11 




*« V 


10, 


>» 


6 


51 pm. 


f 3 51 pm.- (1) 
9 04 pm. (h) 






Feb. 


26, 


1904 


5 


50 pm. 


7 39 pm. (1) 


-1 49 




May 


17, 


>t 


4 


03 pm. 


1 35 pm. (1) 


2 28 


• 


ft 


27. 


ft 


5 


41 am. 


3 28 am. (h) 


2 13 




»» 


»» 


ft 


7 


46 am. 


10 36 am. (1) 


-2 50 




March 


I 4, 1905 


9 


18 pm. 


11 53 pm. (1) 


-2 35 




ft 


6, 


»> 


6 


08 am. 


5 2G am. (h) 


42 
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. (Cont.) 









(i) Time of 


(u) Time of the 


Time 


Origin of Ecike. 




Date. 


Earthquake 


High or Low 


Difference. 








Occurrence. 


Water. 


(i)-(ii). 




July 


19, 1905 


5^» 03™ pm. 


7''11«^ pm. (h) 


-2i» 08™ 




Aug. 


12. „ 


9 28 pm. 


10 35 pm. (I) 


-1 07 




Sept. 


3, „ 


2 02 am. 


2 42 am. (1) 


-0 40 




Oct. 


14, „ 


11 54 am. 


44 pm. (1) 


-0 50 




Dec. 


JO, „ 


7 53 pm. 


8 2 i pm. (h) 


-0 31 


Group X. 

Tokyo Bay, and 

Uraga Channel. 

(ContJ 


Jan. 
May 


9, 1906 
21. „ 
24. „ 


9 50 pm. 
2 21 pm. 
2 17 pm. 


f 42 am. (1) 
((next day) 

4 57 pm. (h) 
1 33 pm. (1) 


-2 46 

-2 36 

44 




it 


30, „ 


9 27 pm. 


11 02 pm. (h) 


-1 35 




Aug. 


Of „ 


4 53 am. 


5 02 am. (h) 


-0 09 




i» 


♦« ♦» 


5 32 am. 


•1 


30 




Oct. 


1, 1907 


6 16 pm. 


7 18 pm. (1) 


-1 02 




Not. 


21, .. 


1 32 pm. 


33 pm. (1) 


59 



Earthquakes^ of Inland Origin, Groups I to IW Groups I 
to IV, Table XI, include the 26 earthquakes which originated, 
in the regions adjacent to the plain of the lower course of the 
Tone-gawa and its tributaries, namely, in the provinces of Musashi 
(eastern part excepted), Sagami, western part of Hitachi, Shimo- 
tsuke, and Kai. A striking feature in the diurnal distribution of 
these inland earthquakes is that, with the exception of the two, 
which occurred between 7 and 9 pm., they have all taken place 
between 1 and G am. and 1 and G pm., namely, at those hours 
when the barometric pressure is maximum. (See also Table XIIL) 

The relation of the 26 earthquakes to the phases of the tide, 
was as follows : — 

(a) 11 occuiTed with tlie high tide ; 
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(b) 12 occiiri'ed with the low tide ; 

(c) 3 „ between the high and low tides. 

Again of the earthquakes of (a) and (6), 17 occurred after, 
and 6 occurred before, the low or high water. Taking the average 
from the cases of these 23 earthquakes, the latter followed the 
hiffh or low water bv a mean interval of 31 minutes. 

Earthquakes of Inland Origin, Group V. The earthquakes 
of Group V originated in the extensive quarternary tracts, which 
comprise the province of Shimosa, the vicinity of the Kasumiga- 
ura (Hitachi), the eastern part of the province of Musashi, and a 
portion of Kazusa. The positions of the origins of some of these 
earthquakes, all inferred from the area of disturbance and the 
isoseismal lines, are uncertain, and were possibly off the Pacific 
coast of the Awa -Kazusa peninsula. 

In the diurnal distribution, the earthquakes of Group V do 
not show the same characteristic as those of Groups I to lY, but 
are similar to the submarine disturbances of Groups YI to X. 
Out of the 39 earthquakes, 21 occurred with the high water, 15 
with the low water, and the remaining 2 between the high and 
low waters. Again, 23 of these earthquakes took place before, 
and 15 after, the liigli or low water. 

Earthquakes of Submarine Origin. Tlie 80 earthquakes of 
Groups YI to X originated off the Pacific coasts of the provinces 
of Hitachi, Shimosa, and Sagami, and of the Awa-Kazusa peninsula, 
or in the Tokyo Bay. The following table gives the hourly 
frequency of these earthquakes taken conjointly with those of 
Group Y, as well as that of the inland shocks, Groups I to IV. 
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TABLE Zni.— DnTRNAL VARIATION OF 
EARTHQUAKES OF OROUPB I to X. 





A.M. 


P.M. 


Hour. 


(a) Eqkes of 
Otonps I to IV. 
(Inland Origin.) 


(b) Eqkeg of 
Gioape Y to X. 


(a) Eqkes of 
GroapB I to IV. 
(Inland Origin.) 


(6) Eqkes of 
Oraapa V to X. 


1 


\ 


6) 


o\ 


5 \ 


1 2 


1 




4 




1 




5 




2 3 
3-4 


4 
3 


V 14 


4 
4 


28 


3 
2 


10 


6 
2 


^ 24 


4 5 


4 




4 




1 




1 




6—6 


2J 




fi J 




3 j 




5] 




6—7 


\ 


5 \ 




'M 


M 


7 8 


1 


5 









6 




8—9 
9—10 






• 1 


10 
6 


- 35 


1 



1 


2 
11 


82 


10 11 







5 









1 




11 12 


. 




4) 


0] 




5i 





As will be seen from the above table, the earthquakes of the 
submarine and coast origins, namely, those of Groups V to X, 
show a tendency of occurring more frequently between 6 and 1 2 
am., and between 6 and 12 pm., than during the earlier hours 
both in the forenoon and afternoon. Tliis is approximately the 
reverse of the order of occurrence of the maxima in the diurnal 
variation of the earthquakes of inland origin. Groups I to IV. 

Of the 80 submarine earthquakes of Groups VI to X, 33 each 
occurred with the high and low waters, while the remaining 14 
occurred between these two phases of the tide. Again, 29 of the 
earthquakes occurred after ^ and 38 before, the times of the high 
or low water. 
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TABZkB ZIV.— SIX-HOTTRL'S' DISTRIBUTION OF THE EARTHQUAKES. 





0-6 A.M. and 0-6 P.M. 


6-12 A.M. and 6-12 P.M. 


Origin. 


With High 
Water. 


With Low 
Water. 


Between 

High and 

Itoyr Waters. 


With High 
Water. 


With Low 
Water. 


Between 

High and 

Low Waters. 


Inland. | 
Groups I-rV. 1 

Shimosa, etc 
Group V. J 

Submarine. ) 
Groups VI-X. J 


9 

9 

15 


12 

20 


3 





2 
12 
18 




7 

13 




2 

14 



From Table XIV, it will be observed that the 16 submarine 
and coast earthquakes of Groups V-X, whose times of occurrence 
were between those of the liigh and low waters of the tide, hap- 
pened exclusively between 6 and 12 am. and between 6 and 12 
pm., namely, as follows : — 



6^ 35"^ pm. 

6 41 am. 

6 51 pm. 
G 51 pm. 

7 48 pm. 

8 01 am. 

8 59 am. 

9 05 am. 



9'^ 29"^ pm. 

9 30 pm. 

9 33 pm. 

9 59 am. 

10 24 am. 

10 48 am. 

10 54 am. 

11 54 pm. 



Taking the average of these times of occurrence, irrespective of 
their being antemeridian or postmeridian, we obtain the value 
of Sli 58m, or about 9h am. and 9h pm. These hours, which 
correspond to those of the barometric maxima in the diurnal 
variation, may be taken as giving the probable time when a 
strong earthquake, in the region under consideration, is to take 
place intermediate between the high and low water epochs. 
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Dini'nal Variation of the Seisviic Frequency in relation to the 
Phases of the Tide. Table XV gives the diurnal variations of 
the earthquakes occurring with the high water and the low 
water, and between these two, the Cli-oups I to ' X being taken 
together. 

TABLE XV.-DnmiTAIi VARIATIOlf OF THE SEISMIC FREQUENCT' 
iN RELATION TO THE PHASES OF THE TIDE. 



Hom\ 



0—1 AM. 
1—1 
•6 



•2- 

3—4 

4—5 

6 



5 



(!— 7 AM. 

7—8 

S— 9 

9—10 
10—11 
11-1-2 

0—1 PM. 
1—2 
2— :{ 
3—4 
4—5 
5— (J 



()— 



7 

« 

9 

10 

11 



7 PM. 

8 

9 

10 

11 



— ]2 



Earthquakes occurring 



with High Water. 


with Low 


' Water. 


4 ) 


• 


3 




1 




3 
3 


20 


5 
4 


20 


3 




4 




^ J 




i J 




3 \ 


1 \ 


3 




3 




5 
4 


18 


3 



11 


1 




2 




.) 




>) 




. ^ 1 


^ 1 


1 \ 


4 \ 


2 




4 




3 
2 


11 


1 


21 







2 




3 ) 


4) 


2 ^ 


2 \ 


4 




1 




3 
4 


■15 



5 


^ 10 







1 




•2 J 




1 J 





between High and 
Low Waters. 




8 



\ 


1 




1 



r 



3 
1 

3 

1 



\ 8 



Sum. 



64 



62 



19 
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Thus the earthquakes corresponding to the low water occurred 
twice as frequently between and C am. and between and 
pm., as during the remaining hours. On the other hand, the 
earthquakes corresponding to the high water and the middle of 
the high and low waters, occurred not less or more frequently 
between 6 and 12 am. and between and 12 pm., than during 
the other hours. It thus seems that, on the whole, the moderate 
earthquakes shaking the vicinity of Tokyo tend to occur more 
frequently with the minimum barometric pressure and the low 
tide, as well as with the maximum barometric pressure and tlio 
high tide. This is in accordance with one of the principles ex- 

i 

plained in § 4. 

14, Conclusion. The results obtained in the foregoing §§, 
which are only fragmentary notes on the secondary seismic causes, 
show nevertlieless that these latter play a very important part 
in the distribution of earthquakes during the day, the year, the 
lunar day, etc. As these secondary causes probably determine 
the ultimate moment when a long- continued underground stress 
gives rise to a sudden disturbances, their careful study will be, 
in conjunction witli the observation on the fore-shocks (see the 
preceding article), and the investigation on earthquake zones, of 
help in approximately predicting under favorable circumstances 
the earthquakes Ukely to happen in a given district. For an 
illustrative example in this connection, I may refer the reader 
to my preliminary note on the Formosa earthquake of March 17, 
190G (the Bulletin^ Vol. I, No. 2). The periodicity of earthquakes, 
other than the diurnal and the annual, also probably depends to 
a great extent on the secondary causers. 



On the Destructive Earthquakes in the Shinano-gawa 
Valley and those along the Japan Sea Coast. 

By 
F. OMORI, 8c. D., 

Member of the Imperial Earthquake Investigation Committee. 



-With PlB. ZZIX-XXXI. 

CONTENTS. 

§ 1. Earthqnakes in the ShinnncM/nu^s Viilley. 

§ 2. Zenkoji Earthquake of 1847. 

§ 3. Sanjo (Echigo) Earthquake. 

§ 4. Uzen and Sado Earthquake. 

§ 5. Belation of Zenkoji Earthquake tu the two others. 

§ 6. Belation between the former destniotiTe and the recent 

strong earthquakes in the Shinano-^/aioa Valley. 

§ 7. Destructive earthquakes along the Japan Sea coast. 

1, jEkii*thqudke8 in t/ie Shinano^awa vaUey. The Zenkoji 
earthquake of 1847 and the Sanjo earthquake of 1828 were two 
great historical shocks which occurred in the Shinano-g^azra valley. 
I give next a short account of these disturbances and also of the 
Sado-Uzen earthquake of 1833, whose origin was in the Japan Sea. 

2. Zenkoji eartJiquake of 1847. (See Fig. 1.) The gi'eat 
disturbance in the 4th year of Koka, generally known as the 
Zenkoji Earthquake, took place on May 8, 1847, at about 9 pm., 
and- was one of the most violent shocks which ever occurred in 
Japan, the total number of the killed being not less than 8,600. 
The region of destructive motion of the earthquake, which shook 
strongly the northern part of the province of Sliinano, and a 
portion of the province of Echigo, stretched from a place some 
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5 km to the east of the city of Takata, on the north, to the 
vicinity of the town of Matsumoto, on the south. The area, which 
was about 2,100 sq. km, with an average width of about 32 km, 
run in a SWS-NEN direction for a distance of 110 km, along the 
main course of the Shinano-^ratra and its tributary, the SsLi-gaica. 
On the south-east, it extended along the ChikxuneL-gaica, another 
tributary of the Shiriano-flrat6-a, to the vicinity of the town of Ueda ; 
while, on the north-east, it reached almost to' the boundary of 
the province of Shinano and the Naka-Uonuma and Higashi-Kubiki 
counties of Echigo. 

The protuberance of the area in question on the north w^as 
probably due to the softness of the alluvial formation of the plain 
of Takata. The damage was, on the other hand, comparatively 
light in the mountainous region between Matsumoto and Ueda, 
partly on account of the scarcity of population. 

The region, within which the greatest amount of damage 
was done, was about 480 sq. km in area, with an average width 
of 10 km, and extended for a distance of about 50 km from the 
vicinity of liyama on the north-east, to Shinmachi on the south- 
west, also branching out to the town of Inariyama on the south. 
This area, which was situated almost entirely on the west side 
of the ShinaiiO-gawa and Sai-gra^^a, was made up mostly of tertiary 
and volcanic formations, and included amongst others, the follow- 
ing towns and villages : — 

Nagano Almost entirely destroyed. 

Inariyama 500 people killed. 

Shiosaki-mura 1,400 (out of 1,600) houses destroyed. 

Mure Almost entirely destroyed. 

O-koma Do. 

Nojiri 83 houses destroyed. 
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The central axis of the area of the greatest damage extended 
from a little west of liyama, through the vicinity of Mure, to the 
valley tract of the Ssii-gaica at some distance to the south-west 
of Nagano. 

The city of Nagano suffered very severely, and was almost 
entirely destroyed by the shock and the subsequent fires ; the 
number of the houses overthrown being, in the town or business 
quarters alone, 2350, of which 2194 were burnt. In Nagano and 
the suburbs, there were altogether 2,452 houses destroyed by fire, 
there being only 191 houses which escaped both shock and fiarae. 
The number of the killed, which could be ascertained, was about 
2,400 ; this heavy amount of casualty being, in a great measure, 
due to the fact that the disastrous earthquake took place when 
multitude of people from different parts of the country were staying 
at Nagano, to attend the religious festivals held at the Zenkoji. 
The latter, which is one of the most sacred Buddhist temples in 
Japan, received no material damage from the earthquake, although 
the huge wooden structm^e must have been shaken tremendously, 
as was indicated by the throwing down of a heavy bronze bell, 
about 2.6 feet in diameter and 3.6 feet in height, hung in the 
front verandah. Fig. 3 shows the lower portion of the bell and 
the scar made on the corner post by the impact of the latter ; 
while Fig. 2 gives a front view of the temple, which is in the 
same condition as before the gi'eat earthquake of 1847. Both of 
these pictures have been taken in 1908. 

A special feature of the Zenkoji earthquake was the occur- 
rence, among the mountains of tertiary formations, of landslips 
whose number was not less than 44,000. Amongst others, the 
southern side of Mount Iwakura, which is on the Sa^i-gawa, at a 
distance of about 12 km to the WSW of Nagano, was destroyed. 



Tig. I. Map showing the Aroa» of DestroctiTe Muiion 
of the Zeukoji and Saiijo EarthqiinkeR. 

A Snnjo Earthqunka at 1828. {Aren of destnictive mction). 

B Uebd moA Soda Eurtbqunko id 1B33. 

G Zeukoji ^rthqiuke of 1^47. (Tbe lighllj Bh«^ed part indjcattf 

ths area of dwtnictiTe muiion, ood the deiieel; ehaded part the 
•n* of tbe gnateot Ticduiioe.) 
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Fig. 3. The Zenb^i Temple. Fiont 




Fig. 3, The Zenkcji Temple, nboirii^ th« Beat {indlontecl hj k HmHU cxom x) mnile on the 
Mffsei pout b; the bell throirn iIdwh on the ocoMioa of the enithqnolcG of IMT. 
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resulting in two gigantic landslips which completely blocked 
the course of the above-named river for 20 days, and formed a 
lake 34 km in length and 1 to 4.3 km in width. The water 
finally broke the two enormous dams, and flooded over the regions 
along the Ssi-gawa and Shinano-^faj^^a, sweeping away a large 
number of the houses which escaped the destruction from the 
shock. The loss of human lives was, however, small, as due 
preparations liad previously been taken to meet the emergency. 

3. San jo (Echigo) earthquake. The Sanjo earthquake 
took place on Dec. 18, 1828, at about 8 ara. The area of destruc- 
tive motion was an ellipse, 50 x 17 km, along the lower course of 
the ShinsLno-gawa ; the most central point of the meizoseismal 
region being between the towns of Sanjo and Imamachi, at about 
^==37° 35' N, ;=:138° 56' E. (See Fig. 1.) The total amount of the 
casualties was 1,443 killed and 1,749 wounded, while the numbers 
of the houses entirely and partially destroyed were 9,808 and 
7,276 respectively, beside the 1,204 burnt. Among the towns 
severely affected were Sanjo, Imamaclii, Mitsuke, Yoita, Tsubame, 
and Nagaoka, the first four having been almost entirely destroyed 
by the shock and the subsequent fires. 

4. Uzen and Sado earthquake. The earthquake of Dec. 
7, 1833 (4th year of Tenpo), at about 4 pm., was destructive in 
the island of Sado and along the coast districts of the province 
of Uzen. The amount of the casualties was comparatively slight, 
tlie loss of lives being about 38, in Uzen, due to tlie tsimami, or 
tidal waves, which followed the earthquake. The centre of the 
latter was submarine, its approximate postion being f=38°35' N, 
;.:^130M0'E. (See Fig. 1.) 

5. Relation of the Zenkoji earthquake to the two others^ 
The Sanjo earthquake took place 1 8 years 5 months earlier than 
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the Zeukoji earthquake, the meizoseismal zones of these two shocks 
running in nearly tlie same direction, namely, N40®E-S40°W. 
Further, the northern prolongation of the Une connecting the centres 
of the two disturbances passes approximately through that of 
the Sado-Uzen earthquake. It is extremely probable that these 
three large earthquakes belonged to one and the same system, 
namely, the seismic zone formed by the Shinano-g^azra valley and 
its northern prolongation. Apparently the stress reached a maxi- 
mum limit along the whole extension of this zone,., so that the 
Sanjo earthquake occurred first at the middle, followed 5 years 
later by the Sado-Uzen earthquake to the NEX, and again 13 
years 5 months later by the Zenkoji earthquake to the SW ; 
the two successive distances of the centres of the three earth- 
quakes being each equal to about 115 km. 

6. Relation betweeti the farmer destructive and the recent 
strong earthquakes in the Shinano-^ffawa valley. As discussed 
in the Bulletin, Vol. I, No. 3, there were five strong semi-destruc- 
tive earthquakes, which occurred along the Shinano-g^au^a, respec- 
tively in the years 1886, 1887, 1890, 1897, and 1899. The line 
connecting their centres has been taken as defining a seismic 
zone, which extends from the Koshi county in Echigo in the SW 
direction to the vicinity of Nagano, thence turning towards the 
south to the vicinity of the lake of Suwa. The approximate 
positions of the centres of these five earthquakes are indicated 
by the numerals 1, 2, 3, 4, and 5, in Fig. I. From the latter, 
it will be observed that the zone of the recent strong shocks is 
in reality identical with that of the historical destructive earth- 
quakes. Further, the recent disturbances, Nos. 1 to 5, originated 
along the zone in question at those points, which are outside the 
area of destructive motion of the Sanjo earthquake and the meizo- 
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seismal region of the Zenkoji earthquake. This fact is fully in 
accordance with the principle that great seismic shocks never 
occur at one and the same centre. 

7. Destructive earthquaks along the Japan Sea coast* 
The following is the list of the larger destiTictive earthquakes,* 
which happened within the last 2J centuries, on or off the Japan 
Sea coast and along the Shinano-gaioa zone : — 

1. Noshiro Eqke (province of Ugo) ; June 19, 1694, at 7 A.M. 

2. Inaba, Hoki, and Mimasaka Eqke; March 19, 1711. 

3. Sado and Noto Eqke; Aug. 1, 1729. Accompanied by tsunami, 

4. Takata Eqke (province of Echigo) ; May 21, 1751, at 2 A.M. 

5. Hirosaki Eqke ( „ „ Mutsu) ; March 8, 1766, at 6 P.M. 

6. Kaga Eqke ; June 29, 1799. Accompanied by tsunamu 

7. Ogi Eqke (Island of Sado) ; Dec. 9, 1802, at 2 P.M. 

8. Kisagata Eqke (provinces of Uzen and Ugo) ; July 13, 1804, at 
10 P.M. 

9. Sanjo Eqke (Echigo) ; Dec. 18, 1828, at 8 A.M. 

10. Sado and Uzen Eqke ; Dec. 7, 1833, at 4 P.M. Accompanied by 
tsunami. 

11. Zenkoji Eqke (Shinano and Echigo) ; May 8, 1847, at 9 P.M. 

12. Hamada Eqke (Iwami) ; March 14, 1872, in the evenii^. 

13. Noto Eqkes ; Dec. 9 and 11, 1892. 

14. Sakata Eqke (Uzen and Ugo) ; Oct. 22, 1894, at 5 P.M. 

Of the above 14 earthquakes, Nos. 1, 4, 5, 8, 9, 10, 11, 12, 
and 14 were much larger than the remaining five. Again, the five 
earthquakes of Nos. 1, 5, 9, 11, and 14 originated inland, while 
the 7 others, namely, Nos. 3, 4, 6, 7, 10, 12, and 13, originated 
under the Japan Sea. Tlie origins of the two remaining earth- 
quakes, Nos. 2 and 8, were probably also submarine. The relative 

* Hokknido and Formosa excepted. 
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positions of the origins of the different earthquakes are diagra- 
maticaUy illusti-ated in Fig. 4, (PI. XXXI.) 

The 14 earthquakes tabulated above may be divided, so far as 
their time distribution is concerned, into the following 5 gi'oups : — 



Group I. 



No. 1. 
No. 2. 
No. 3. 
No. 4. 
No. 5. 



Noshiio Eqke 

Inaba, Hoki, and Mimasaka Eqke. 

Noto and Sado Eqke 

Takata Eqke 

Hiroaaki Eqke 



Year 

1694. 
1711 
1729 
1751 f 
1766 



I. 



Group II. 



No. 6. Kaga Eqke. 

No. 7. Ogi 

No. 8. Kisagata „ 



1799. 

1802 

1804 



Group III. 



No. 9. Sanjo Eqke 1828 

No. 10. Sado a,nd Uzen Eqke 1833 

No. 11. ZenkojiEqke 1847 

Group IV. 

No. 12. Hamada Eqke 1872 



Group V. 



No. 13. Noto Eqke. 
No. 14. Sakata „ 



1892 



1894' 



Interval 

.17^"^ 
.18 
.22 
.15 



3 
2 



14 



I. ...2 



The five earthquakes in Group I occun-ed with a tolerable 
regularity, the average intei-val being 18 years. On the other 
hand, the three earthquakes in Group 11 as well as the. three in 
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Group III occurred at short intervals ranging from 2 to 14 years ; 
while the interval between the 1st earthquake of Group II and 
the last of Group I was 33 years, and that between the Ist earth- 
quake of Group III and the last of Group II was 24 years. Again, 
the time interval between the earthquake of Group IV and the 
last one of Group III was 25 years. These facts seem to favour 
the supposition that the three earthquakes of Sanjo, Sado-Uzen, and 
Zenkoji really belonged to one and the same seismic zone both 
geographically and in time distribution, as explained in § 5. All 
the other earthquakes, with the exception of the Sakata earth- 
quake, belonged to the Inner Seismic Zone, which runs nearly 
parallel to the concave side of the Japanese islands."^ The Sakata 
earthquake probably belonged to another system. J 



* See the ** BtOletin of the Imp. Eaxthqunke Iny. Com.", Vd. I, No. 2. 
X The Sakata, Bika-U, and Hachinohe eaithqaakes have been ably studied by Piofesaors 
Koto, Yamasald, and Imamnia, respectively. 
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In the Jour. Sc. Coll., Tokyo Imp. Univ., Vol. XI (1899), I 
have given, for the relation between the duration {=y) of the 
preliminary tremor at an observing place and the epicentral 
distance (=x) of the latter, the following equation : — 

Inn sec ksn 

X = 7.51 y + 24.9 (1) 

This equation was, in the Publicatioiis of the Earthquake Investiga- 
tion Committee, No. 13 (1903), slightly modified into the following 
form : — 

km 8ec km . 

X = 7.27?/ + 38 (2) 

Both of these equations, wliich have been deduced from the observa- 
tions of the earthquakes of x less than 1,000 km and, with a few 
exceptions, greater than 150 km, can not be applied to the cases 
of very near shocks, say, of x less than 100 km. With a view 
of obtaining a provisionary formula for the cases of smaller .c, I 
have examined some of the seismograms obtained at the five 
Formosan meteorological observatories of Taihoku, Taichu, Tainan, 
Taito, and Hokoto ; the results being briefly stated in the following 
paragraph. 
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The earthquakes taken into consideration were the four destruc- 
tive shocks in the years 1904 and 1906,* which I have specially 
studied and the positions of whose origins may be supposed to be 
fairly accurate. The observations were made with Omori hor- 
izontal pendulums of 6 to 10 times magnifications. The following 
table gives for each of the 4 shocks, the date and position of the 
origin of disturbance, and the epicentral distances and the dura- 
tions of the preliminary tremor at the different stations. 



FORMOSA EARTHQUAKES. 







Dmation of 


Actual Epioen- 


Position of the 


Date of Eqke. 


Station. 


Prel. Tievaat 


tral Distance 


Origin of 






=y sec. 


= x km. 

« 


Sistmbance. 




Tailioku 


28.7 


221 




April 24, 1904. 


Taichu 
Taito 


11.4 
12.8 


98 
98 


f^= 23°20'N 
A=120°24'E 




Hokoto 


12.7 


90 






Taihoku 


28.8 


202 




November 6, 1904. 


Taichu 
Tainan 
Taito 


11.2 

8.3 

16.6 


76 

64 

117 


j»= 23°30'N 
t;=120°26'E 




Hokoto 


9.0 


85 






Taihoku 


27.5 


188 




Marcli 17, 1906. 


Taichu 
Tainan 


9.0 

8.7 


65 

75 


]^= 23°35'N 
;i=120°32'E 




Hokoto 


11.5 


101 


^ 


• r 


Taihoku 


30.6 


210 




April 14, 1906. 


Taiflhn 
Tainan 


12.0 
8.6 


88 
53 


\<p= 23°25'N 
;i=120°30'E 


. 


Hokoto 


13.0 


98 





♦ See the'"BuUetin of the Imperial Eorthqnake Inv. Com,," Vol. I, No. 2. 
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Arranging the epicentral distances, which varied between 53 and 
221 km, and dividing these conveniently into 4 groups, we obtam : — 





/ 1. T\ 




X calculated 




X (actnAl) 


y 


by equation (3) 




2211cm 


28.7 sec. 






210 


30.6 






202 


28.8 






188 


27.5 




Mean . 


... 205 


28.9 


206 




117 


15.5 






101 


11.5 






98 


13.0 






98 


11.4 






98 


12.8 




Mean. 


...102 


12.8 


96 


■ 


90 


12.7 






88 


12.0 






85 


9.0 






76 


11.2 






76 


8.7 




Mean , 


1 • • • . O0 •• 


10.7 


81 




65 


9.0 


•■ 




64 


8.3 






53 


8.6 




Mean. 


• • • • 61 


• •••••••• %9t\M ■* ••••■•• 


67 



The relation between the mean values of the epicentral distance 
and the duration of the preliminary tremor given in the preceding 
table is graphically shown in the accompanying figure (PI. XXXII). 
Assuming a linear equation between x and y and determining 
the constants from the four sets of the mean values of x and y, 
we obtain : — 



re"™ = 6.86 7/^' -f 8.1*^™ 



(3) 



I 



V 







•ft 



<5> 



*o 









-<fe 



•^ 



.-») 



.^ 
% 



.© 

« 









•o 



-h<a 
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The figures given in the last column of the preceding table, which 
liave been calculated by this equation, agree closely witli the 
actual distances. 

Equation (3), which may bo used under the conditions 

50 km < a; < about 200 km, 

seems to be more convenient for the cases of near earthquakes 
than Equation (1) or Equation (2) ; the distances calculated by 
the two last equations being, for a small value of y, generally 
larger than the corresponding actual .r. 
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1. Introduction. The meteorological obsei-vatory of Taihoku 
was first opened on Aug. 11, 1896, and the six other observatories 
of Taichu, Tainan, Taito, Koshun, Hokoto and Keelnng, were 
established in the course of the next five years, namely, between 
1897 and 1901. The yearly numbers of sensible earthquakes 
recorded at these seven stations, which are now furnished with 
seismological instruments, were as follows : — 

LE I.— TBARLT NUMBERS OF SENSIBLE EARTHQUAKES 
RECORDED AT THE DIFFERENT METEOROLOGICAL 
OBSERVATORIES IN FORMOSA. 



^v.. station. 
Year.^v.^^ 


Taihoku. 


Taichu. 


Tainan. 


Taito. 


Eoehun. 


Hokoto. 


Keelung. 


1896 




— 


— 




— 


— 


— 


1897 


7 


3 


9 


— 


— 


1 




1898 


17 


5 


4 




3 


2 


— 


1899 


9 


10 


4 




5 


2 


— 


1900 


5 


3 


4 


— 


1 


2 


— 
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TABLE I. (Cont) 



^\^ station. 
Year. \^^ 


Taihokn. 


Tnichu. 


Tainan. 


Taito. 


KoHhnn. 


Hokoto. 


Keelnng. 


1901 


12 


4 


8 


2 


1 


2 




1902 


13 


10 


12 


12 


5 


5 


6 


1903 


7 


14 


19 


117* 


7 


G 


7 


1904 


9 


10 


9 


8 


4 


6 


5 


1905 


12 


24 


8 


32 


3 


4 


5 


1906 


10 


40* 


42* 


21* 


11* 


19* 


4 


1907 


11 


10 


11 


6 


6 


10 


6 


Mean, 


10.2 


9.3 


8.8 


12.0 


3.9 


4.0 


5.5 



The large yearly number for Taito in 1903 was due to the 
after-shocks of the strong earthquake of Sep. 7 of the same year. 
Similarly, the high seismic frequency in 1906 for the different 
stations, except Taihoku and Keelung, were due to the after- 
shocks of the destructive earthquakes of Marcli 17tli and April 
14th in that year. These numbers, each marked in the above 
table by an asterisk, have been excluded in deducing the average 
values, which may be regarded as approximately giving the fre- 
quencies of the sensible seismic disturbances in the ordinary 
year for the seven meteorological observatories in question. It 
will be noticed that this frequency was about 10, namely, 8.8 to 
12.0 for Taichu, Taito, Taihoku, and Tainan, but smaller and 
equal to about 4 for Koshun and Hokoto, and 5.5 for Keelung. 

The earthquake numbers, as above described, give, however, 
no adequate idea of the earthquake distribution for the whole of 
the Island. In fact the greatest seismic activity is displayed in 
regions at some distances from the different meteorological observa- 
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tories, namely : — (1), in the vicinity of the city of Kagi, which 
is situated in the south-western part of Formosa and midway 
between Taichu and Tainan ; and, (2), at the central and northern 
parts of the eastern coast and at the very southern extrendty of 
the Island. Great credit is due to Mr. H. Kondo, Director-general 
of the Formosa meteorological observatories, who instituted in 
1907 a general system of the observation of the precipitation by 
establishing in different parts of the Island nearly 80 stations 
furnished with rain-gauges, Each of these stations sends in 
regularly to the Meteorological Obsei'vatoiy of Taihoku the monthly 
weather report, giving amongst others the notices of the earth- 
quakes felt. The following table, compiled from these materials, 
indicates the numbers of the sensible shocks in different parts of 
Formosa during the four years from 1904 to 1907. 



TABLE II.— TBARLT NUMBERS OF EARTHQUAKES FELT AT 
DIFFERENT METEOROLOGICAL OBSERVATORIES AND 
RAIN-aAUaE STATIONS IN FORMOSA. 

1904-1907. 



Station. 


Year. 


190i 


1905 


1906 


1907 


Sum. 


Vi !& ^ 


Tensohi 


5 


16 


8 


10 


31 


± m 


Giian. 


19 


19 


23 


41 


79 


« Bf A 


Bitokaku 


2 


2 


2 


3 


7 


rft m th 


*ShAryoto (Keehing) 


5 


5 


4 


6 


20 


% m 


Keelung 


1 


1 


2 


3 


5 


it & M 


Kinpori 





7 


4 


2 


9 


-^ ^ n 


Fiikiknkii 


1 


1 


2 


1 


3 


« * « 


Dandangiii 


1 


1 


1 





2 


tk m m 


Kiishoryo 








— 




B & 


Sekitei 


8 


7 


8 


6 


21 
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station. 


Year. 


1904 


1905 


1906 


1907 


Sum. 


n m m 


Hyorinbi 


1 





5 


3 


4 


s rs 


Sekitei 


1 


1 


2 


4 


6 


K K 


Enssyiikn 








5 





5 


m n m 


Chonoiho 


9 


4 


14 


7 


20 


m « 


♦Taihoku 


9 


12 


10 


11 


45 


S *t R 


Scehunto 








3 


1 


1 


» 7k 


Tansni 


2 


1 


2 


4 


7 


M c n 


Doraken 








4 


3 


3 


H f» a 


Sankakuyo 


1 


1 


3 


3 


5 


& » m 


Haknshako 


9 


4 


5 


5 


18 


* w P 


Taikoko 


1 





2 





1 


a % n 


EanHaiho 


2 


4 


5 


3 


9 


n « 


Naiwan 


11 


K 


9 




19 


M IC IS 


Jukirin 


7 


8 


24 


19 


34 


«r it 


Shinchika 


2 





1 


2 


4 


m m 


Nansho 








3 


1 


1 


m n^ 


Byoritsii 


4 


3 


6 





7 


:k m 


Taiko 


1 


2 


14 


2 


5 


« H 


Hokiran 


1 


G 


12 


2 


9 


!t M ffi 


Eorinho 


2 





15 


1 


3 


S 4< 


♦Taichu 


10 


24 


40 


10 


87 


7jt l£ » 


Suiteiryo 


3 


5 


6 





8 


4b » IS 


Hokkokei 


1 





4 


3 


4 


41 M ii: 


Horisha 


4 


7 


14 


4 


15 


m IS 


Nanto 


• 
9 


12 


14 


4 


25 
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n. (Cont.) 



Station. 


Year. 


1904 


1905 


1906 


1907 


Sum. 


it n 


Shato 


6 


18 


38 


9 


33 


P Yr m 


Bochikuto 


5 


U 




1 


20 


» ♦ « 


Shnshugni 


3 


12 




3 


18 


"h 81 H 


Goomokn 


8 


5 


13 


2 


15 


'J* ^ 3^ 


Shohanten 


3 


9 


29 


3 


15 


» « 


Rinnai 


15 


8 


91 


17 


40 


± » 


Doko 


13 


12 




5 


30 


^ C- « 


Seimojn 


6 


18 




36 


60 


It SB * 


Chikntok 


3 


19 




65 


87 


X m 


Kagi 


25 


33 




19 


77 


ii ^ it 


TatsunaHlia 


2 


2 




4 


8 


* ffl 


Koden 


5 


8 




10 


23 


» tK ^ 


Ensuiko 


6 


2 







8 


Ifr :fc Jfl 


Zentaiho 


16 


14 


110 


22 


52 


« ^ « 


Gotaiho 


8 


7 




26 


41 


ffi MS 1$ 


Tabani 


12 


8 


— 


5 


25 


¥ till 


Eoseu 




4 


24 







± m i& 


Bono 


3 





32 


2 


5 


m & 


N-^o (p^fXe) 


15 


18 


69 


8 


41 


m m 


♦Tainan 


9 


8 


42 


11 


71 


m m 


Kito 


13 


6 


26 


10 


29 


m m m 


BanHhuryo 


14 


1 


5 


4 


19 


m ^ 


Shin-i 


4 


3 


20 





7 


2S 7jt 


Shinstii 


5 


1 


11 


2 


8 


^ m 


Ako 


6 


1 




5 


12 
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TABLE n. ((kmt,) 



^^^*"B^ 

' Station. 


Year. 


1904 


1905 


1906 


1907 


Sum. 


m 111 


Hozftn 


7 


3 


2 


4 


14 


fr rfy 


Tnkno 


2 





7 





2 


^ lU 


SekizAD 


2 





5 





2 


m m 


Toko 


3 





7 


1 


4 


n ff Bi 


Nfiishito 





1 





2 


3 


til iij 


Boftan 











1 


1 


a « 


♦KoBhun 


4 


3 


11 


6 


26 


s s « 


Ghumnbi 


30 


17 


12 


11 


58 


:^ flu 


Kyaho 


2 


4 


2 





6 


tt ^ it 


Botnnshn 


— 


— 


— 




— 


C IB « 


Haroei 








2 


— 


— 


■ « 


*Taito 


K 


32 


21 





79 


ift » n 


Seiko-o 


10 


6 


2 


11 


27 


m :g m 


Boknaekikakn 


3 


19 





1 


23 


IK ff ££ 


BAfiohisho 


17 


28 


21 


5 


50 


^ ^ ^ 


Gozenjo 





26 


16 


5 


31 


IE & m 


EAienko 


10 


50 




22 


82 


» m 6 


:»Hokoto 


G 


4 


19 


10 


37 


ttl H A 


Gyooto. 


2 





17 





2 



2. Earthquake frequency in 1904. The seismic frequency 
during the year 1904 at the different places in Formosa is shown 
in Fig. 1 (PL XXXIIl). From the latter there are seen to be 
four principal regions of seismic activity, as follows : — 

(a) A nearly north-sonth zone, extending in the south-western part 
from tho vicinity of Shato and Toroku to that of Banshorjo. 
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(h) Vicinity of Giran, near the northern end of the eastern coast. 

(c) The eastern coast, between Karenko and Seiko-o. 

(d) A limited portion about Gape Garanbi at the southern extremity 
of the Island. 

Although Fig. 1 is a map showing the seismic frequency and 
therefore does not necessarily indicates the distribution of tlie 
origins of disturbances, the zone (a) seems on the whole to coin- 
cide with the main longitudinal earthquake zone in the south- 
western part of Formosa.* The northern prolongation of (a) passes 
approximately through the local centres at the vicinity of Jukirin 
and Taihoku and that of Hakushako at the north-western end of 
the Island. (6), (c), and {d) belong probably to a continuous zone, 
their higher seismic frequencies being due to the disturbances 
which occur along or off the eastern coast. 

3. JEarthquake frequency in lOOd-lOOT. To obtain a 
general idea of the seismic distribution in Formosa for the interval, 
1904 to 1907, I give in the last column of Table II the sum of 
the earthquakes recorded during the three years 1904, 1905, and 
1907 ; the frequency for the year 1906 having been excluded on 
account of the great number of the after- shocks of the destructive 
disturbance, which took place on March 17 th of that year. As 
is illustrated in Fig. 2 (PL XXXIV), the principal centres of the 
seismic activity, in which more than 50 shocks were felt during 
the 3 years in question, were as follows : — 

(A) Kagi and the viciDity. 

(B) The vicinity of Giran. 

(C) „ „ Karenko. 



* See F. Omori : " Preliminnry Report oii the Formowi Enithc^iuikc of Mnrch 17, 190C," 
The Bulletin, Vol. I. No. 2. 
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(D) The vicinity of Basshisho. 
(S) Cape Garanbi. 

In broad features, Fig. 1 is similar to Fig. 2, and the local 
centres denoted by (a), (6), (c), and (d) in the preceding § are 
respectively identical with (A), (J5), (D) and (£), here described. 
(J5), (C), (J9), and (E) may be regarded as forming a seismic zone 
which is situated on the eastern side of the axis, or main moun- 
tain chain, of Formosa, passing along the longitudinal valley 
separating the latter from the Taito coast range.* (A) forms the 
most active seat of seismic disturbances of inland origin. 



* See also the next Article. 
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1, Introduction.^ The clisabtrous earthquakes in Formosa 
generally occurred \\\ the densely populated south-western part 
of the Island, where the gi'ound is flat.** The different places on 
the eastern coast are also by no means free from the visitation 
of strong shocks, although the amount of the seismic damage was 
there always insignificant. The latter circumstance is probably due 
to the mountainous nature of these districts and the scarcity of 
inhabitants, the seismic disturbances occurring, in many cases, 
under the ocean. The following three earthquakes were the 
strongest felt in the recent years along the Pacific side of Formosa. 

* The times are all given in the 1st Normal Japan Time, or that of longitude 135° £ of 
Greenwich. 

** See my paper on the Formosa earthquake of March 13, 1906. The Bullelin, Vol. I, No. 2. 
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(a) Giran Eqke of June 7^ 1901 ; at 9h 05m am. The shock 
which was quite local, was felt strongly and caused some slight 
damage at the town of Giran and the vicinity : — 

Giran. 5 or 6 houses hod mud walls cracked, and a few roof tiles 

thrown down. 
Shokei. One house had the roof damaged. In one case, a mud wall 

was thrown out of the vertical. 
Hachirisha. 6 houses slightly damaged. 
Suihenkyaku. 66 native houses damaged. 
Taikakan. One native house destroyed. 

This earthquake, which was not felt at Taito and Koshun, was 
slight at Tainan and Hokoto, moderate at Taihoku, and strong 
at Taichu. 

(6) Taito Eqke of Sept. 7, 1903; at 4h 14m pm. The 
disturbance was felt strongly at Taito, where 92 after-shocks were 
recorded in the course of the following 30 days. No damage 
was done, the origin being sub- oceanic. 

(c) Karenko Eqkes of Aug. 26 and 28, 1905. The earth- 
quake of Aug. 26, which occurred at about 4h 52m pm., was 
felt slightly at Taihoku and Taichu, but insensible at Tainan, 
Taito, Hokoto, and Keelung. It was, however, strong at Karenko 
and was followed by several minor shocks. The earthquake of 
Aug. 28, at about Ih 23m pm., was much severer, causing at 
Karenko partial destruction of one ware-house and 6 native houses, 
besides some damage to two houses in Japanese style. This 
shock was also very local, the area of severe motion being limited 
only to the immediate vicinity of the above mentioned town. At 
the Gozenjo, about 10 km to the south-west of the latter, the 
motion was strongly felt but caused no damage. At Basshisho, 
about 42 km further on in the same direction^ the intensity was 
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slight The motion was sensible and slight at Taihoku, Taichu, 
and Taito, but was insensible at Tainan, Hokoto, and Keelung. 

The earthquake of Jan. 11 of this year, which originated near 
the towns of Bokusekikaku and Basshisho in the Taito prefecture, 
was the strongest felt in the Island since the destructive shocks 
of Kagi in March and April, 1906. 

Earthquake of Jan. ii, igo8, 

2. Time of occurrence^ The observations at the different 
meteorological observatories in Formosa were as follows : — 



StaUon. 


Oeographioal Podtion. 


Intensity of 
motion. 


Duration of 
Preliminary 
Tremor. 


Time of 


LaUtude (N). 


Longitude (£). 


Occurrence. 


Taihoku. 


25° 02' 


121° 31' 


Moderate. 


nee. 
18.8 (?) 


h m s 
35 14 pm. 


Taichu. 


24 09 


120 42 


Do. 


— 


32 57 (?) 


Tainau. 


22 59 


120 12 


Strong. 


18.9 


36 14 


Taito. 


22 45 


121 09 


Do. 


13.9 


36 4G 


KoshuD. 


22 Ul 


120 44 


Moderate. 


25.9 


38 30 (?) 


Hokoto. 


23 32 


119 33 


f Moderate 

1 (rather weak). 


23.2 


36 08 


Keelung. 


25 09 


121 45 


Do. 


— 


36 00 


Earenko. 


24 00 


121 33 


Strong. 


• 


36 00 



The observations at the 5 stations of Taichu, Tainan, Taito, 
Koshun, and Hokoto, were each made with an Omori horizontal 
pendulum of 6 times magnification ; Tainan being also furnished 
with an ordinary Gray-Milne-Ewing type macro-seismograph. At 
Taihoku the pointer of the horizontal pendulum, of 10 times 
magnification, got out of the smoked paper soon after the com- 
mencement of the shock, and the duration of the preliminary 
tremor at this place estimated from the macro-seismograph record, 
namely, 18.8 sec, seems. to be too short. Karenko had no seismolo- 
gical instrument, wliile Keelung had simply a macro-seismograph. 
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« 

Tlie times of the earthquake occurrence at the different stations 
are only approximate, except that at Taihoku ; the probable time 
of occurrence at the origin itself being about Oh 35m 00s pm. 

3. Area of disturbance. The earthquake was sensible all 
over Formosa and in Hokoto (Pescadores). The shock was 
also felt slightly at Ishigaki-jima (Lyukyu) at an epicentral 
distance of about 302 km, so that the radius of the area of 
sensible motion was probably a little over 300 km. As shown 
in Fig. 2, (PI. XXXV), the land area of moderate and strong 
motion was, for Formosan shocks, unusually large and had a 
length and breadth of 210 and 100 km respectively; the longer 
axis being in the direction of NEN and SWS and coinciding with 
the Taito longitudinal valley. Within this area, whose western 
boundary was formed by the line joining the cities of Tojoku 
and Tainan, pendulum clocks were generally stopped. According 
to Mr. H. Kondo, who happened to be at Karenko at the time of 
the earthquake, the motion there was strong and lasted 25 
seconds, causing the houses to be shaken considerably, although 
no damage was produced. At Karenko there were some after- 
shocks and jinari. 

The area of severe motion, within which seismic damage 
was done, included the villages of Bokusekikaku, Suibi, and 
Basshisho, forming probably an ellipse of length and breadth re- 
spectively of about 75 and 50 km. According to the reports from 
the different rain-gauge stations, the shock was preceded or ac- 
companied by sounds, in the western half of the Island, at the 
four places of Suiteiryo, Nanto, Doko, and Seimoju, where the 
intensity of motion was moderate or slight. 

4. Barthqiialce damage. The villages of Bokusekikaku 
and Basshisho arc situated among the districts inhabited by the 
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aboriginal tribes, whose dwellings are of the simplest constniction 
with thatch roofing, and do not show signs of seismic damage; 
there being only a very few honses of " dokaku/* or mud con- 
struction, prevalent among the native (old Chinese) population of 
Western Formosa. To these circumstances was partly due the 
small amount of the seismic damage to the buildings. There 
wore at Bokusekikaku and Suibi three old houses totally over- 
thrown, besides a number of the cases of partial destruction* 
Still there is no doubt that the intensity of motion in the 
epicentral area was much smaller than that on the occasion of 
the Kagi earthquake of March 17, 1906. At Suibi, the "byo'* 
(native temple), the only dqkahu building in the village constructed 
some 5 years ago, had its back wall entirely tlirown down, 
while the damage to the front side facing SSO^'E was limited to 
cracks of the walls and the falling down of some roof tiles. 
(See Fig. 3, PI. XXXVI). The walls of the sub-prefectural oflSce 
at Bokusekikaku were much cracked, but the plasters did not 
fall down. The dokaku house of the cliief official of the village 
of Chuka, constructed in the preceding year, was only cracked at 
the junctions of the walls. The newly built sub-prcfectural office 
of Seiko-o was practically undamaged, except some slight separa- 
tion of the timbers and walls. 

Some landslips were caused by the shock in the vicinity of 
Basshisho, Suibi, Bokusekikaku, and Sangenya ; part of the water 
of the river Shukoran-kei having been temporarily stopped by the 
falling of a soft rocky cliflT. At a place ajbout 2J km distant 
from Basshisho and among the valleys of W:e central mountain 
range the stream waters were from a similar cause stopped for 
a few days. Again, at Bokusekikaku and Chuka the ground was 
cracked, in some cases to a width of 1 foot. 
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6. Approxtniftte posit I oh of the earthquake origin* The 

opicontral distances of the four meteorological observatories of 
Taito, Koshun, Tainan, and Hokoto, calculated by Equation (3) 
given on page 146 of this Number, from the durations of the 
preliminary tremor, are as follows : — 



Station. 



Epicentral Distance = x. 

Calcolated by Equation (3). p. 146. 



Taito 


lOa""" 


Koshan 


186 


Tainan 


138 


Hokoto 


167 



Drawing on the map of Formosa (Fig. 2), four circles about the 
different stations as centres and with radii respectively equal 
to the calculated epicentral distances given in the above table, 
we find that their points of intersection are near each other, en- 
closing a small quadrilateral in the vicinity of Basshisho. Taking 
also the isoseismal lines into consideiation, the approximate posi- 
tion of the epicentre, marked in the figure by a small cross ( x ), 
seems to be at about 

[ip = 23° 37' N, 
; = 12P 15' E. 

The epicentre thus located is about 52 and 96 km distant re- 
spectively from Karenko and Taito, being nearer the former by 
44 km. Now, by a curious coincidence, it happened that one 
Mr. Wakamatsu, in |Iie service of the post office at Taito, 
happened to telephone to Karenko just before the occurrence of 
the earthquake in question. He received for answer the informa- 
tion that a strong earthquake was taking place at Karenko and 
was requested to wait for a moment ; some noisy sounds being 
simultaneously perceived through the telephone. After a short 
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time ^interval, while he was wondering wJiat was the matter, a 
strong shaking began to be felt also in Taito. This circumstance 
illustrates in a practical manner the fact of the transmission of 
the seismic waves. As the propagation velocity of the vibrations 
composing the principal portion of the earthquake motion is about 
3.3 km per sec, the time difference between the occurrence of 
the shock at Karenko and that at Taito would have been about 
13 seconds, for the distance difference above assumed. 

6. Relation of the earthquake of Jan. 11, 1908 to that 
of March 17, 1906. The cause of the disastrous Kagi earth- 
quake of March 17, 1906, was the formation of the Baishiko 
and Chinsekiryo faults, in the main direction of west- slightly- 
south and east-slightly-north, over a distance of 13 J km from 
Baishiko on the east to Dabyo on the west. It . was further 
pointed out, firstly, that the fault was probably continued west- 
wards to the vicinity of the town of Shinko for a further distance 
of about 12 km, making up a length of 25 J km ; and, secondly, 
that this latter length corresponded only to the western half of 
the line of dislocation and the eastward continuation passed among 
• the mountains for a further distance of 20 or 25 km, the total 
extension of the fault being some 50 km.* 

From the map (Fig. 2), in which the western and the pro- 
bable eastern halves of the above mentioned fault are indicated 
respectively by thick full and doted lines in red, the further 
eastward prolongation of the same line of disturbance seems to 
pass through the epicentre ( x ) of the Bokusekikaku and Basshisho 
earthquake of this year. My supposition is that the latter shock 
was a continuation of the Kagi catastrophe of 1906, the forma- 
tion of the fault having been extended eastwards. 

• See the BuUetin, Vol. J, No. 2. 
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If the above supposition be correct, the process of dislocation 
must have proceeded downwards in the eastward extension, as 
the focal depth of the Bokusekikaku and Basshisho earthquake 
was evidently great. The intensity of motion in the assumed 
epicentral district was not greater than in the case of the very 
local Karenko shock of 1905, 

7. Mutual relation of the different strong earthquakes 
along the eastern coast of the Island. The back bone of 

Formosa, whose geographical feature is rather simple, is formed 
by the heavy mountain cliain, which runs parallel to the longer 

axis, and is nearer to the eastern 
coast, of the Island. It begins 
in the Koshun peninsula at the 
southern extremity, and takes the 
NEN direction, till the great 
height of over 3,000 metres is 
reached among the peaks in the 
vicinity of Mt. Sylvia. Thence 
the direction of the range is 
turned toward ENE and reaches 
the sea at the neighbourhood of 
So-o; forming the tremendous 
steep cliffs along the eastern coast 
between the latter place and 
Karenko. Mt. Niitaka (Mt. Mor- 
rison) is the highest peak, not 
only in Formosa, but in the 
whole of Japan and attains the 
altitude of over 4,000 metres. 
The eastern side of the main 



Fig. 1. Map of Formosa. 

A. . . . Geneml course of the 

Principal Mountain Hange. 

B Taito-Earenko Longitudinal ViUlcy. 

C Taito Coast Range. 
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mountain range, which is much steeper than the western side, 
descends abruptly into a straight longitudinal valley which extends 

ft 

between Karenko and Taito. To tlie east of this valley there is 
along the coast a small mountain range of about 1,000 metres 
height, called the Taito Coast Range. It seems probable thiit the 
Karenko-Taito longitudinal valley, whose northern and southern 
continuations may be supposed to run off* the coast, is as explained 
below closely connected with the seismic phenomena in the whole 
eastern part of the Island. (See Fig. 1.) 

Again from the maps (Pis. XXXIII and XXXIV) showing the 
earthquake distribution in Formosa, it seems that the more fre- 
quently disturbed regions about Gimn, Karenko, Basshisho and 
Bokusekikaku, Taito, and Garanbi (southern extremity of the 
Island), belong to a continuous earthquake zone, which runs along 
the eastern coast of the Island, or rather along the eastern side 
of the main mountatin range. In the northern part, between 
Giran and Karenko, this zone is probably some little distance off* 
the coast, while its middle part, between Karenko and Tainan, is 
probably situated inland and coincides witli the Karenko-Taito 
longitudinal valley. The southern part of the zone, between Taito 
and Garanbi, is again a litle distance off* the coast. 

Now the Bokusekikaku-Basshisho earthquake of Jan. 11, 1908, 
may be taken also to belong, together with the three previous 
strong shocks mentioned in § 1, (a), (6) and (c), to the longitu- 
dinal seismic zone along the eastern coast of Formosa as above 
supposed. In other words, the stress was gradually increasing 
along the zone in question and produced strong disturbances at 
the different places, in the following order :— (1), Vicinity of Giran 
in the nortli ; (2), off* the coast of Taito in the south ; (3), Vicinity 
of Karenko, between (1) and (2), but nearer to the former; (4), 
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vicinity of Bokusekikaku and Basshisho, between (3) and (2). 
(See Pis. XXXllI and XXXIV.) For other cases of the successive 
occurrence of strong or destructive shocks along an earthquake 
zone the reader is referred to the '* Bulletin,'' Vol. I, Nos. 1 and 3. 
8. Aftershocks. At Basshisho the number of the after- 
shocks felt till 10 am. on the following day was 20 or 30, and 
there were several jinari^ or earth sounds which seemed to proceed 
from some distance. At Bokusekikaku there were also a number 
of after- shocks. The following is a list of the shocks and sounds 
subsequent to the initial disturbance, observed by Mr. H. Kondo 
during his travel in the Taito prefecture :— 

(January 1908) 

lltli. Kareuko. Slight shock at 0.38 and 0.50 pm. 
12th. „ „ „ 0.34 pm. 

13th. QozBnp. „ ,, 7.30 and 8.42 pm. 

14th. In the vicinity of Gozenjo. Jinari at 11.25 am. 
„ Bataian. Jinari at 7.16 pm. 

0.09 am. 
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IStli. Basshisho. Sound and slight shock at 0.54 pm. 
Siiibi. Sound and slight shock at 8.02 pm. 

Slight shock at 8.19 pm, 
l(jth. Sangenya. Moderate earthquake at 6.07 pm., followed by others. 
17th. „ Moderate shock at 2 am. After the 17th, the shocks 

became rarer. 

In conclusion I must express my thanks to Mr. H. Kondo, 
who have kindly put at my disposal the materials and the results 
of his observations respecting the earthquake. 
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1. Introdtictioh, As stated below, the submarine earth- 
quakes of May 13, 1908 seem to have originated at a point 
between Cape Omaezaki (province of Totomi) and the Hachijo-jima. 
The latter is one of thq islands belonging to the Fuji volcanic 
chain, and is at a distance of about 290 km due south of Tokyo. 
Let us first examine the relation between the activity of this 
chain and that of the " external seismic zone," which runs pa- 
rallel to the Japan arc on the Pacific side. 

2. Activity in recent years of the External Setstnic Zone. 
The majority of the recent larger Japan earthquakes originated 
from the northern part of the '* external seismic zone," namely, 
off the eastern coasts of the Main Island and the Hokkaido, ex- 
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tending in the south to the mouth of the Tokyo Bay. (See the 
Bulletin, Vol. I, No. 2.) Their frequency varied of course from 
year to year, as will be seen from the following table, which 
gives the annual numbers of the submarine earthquakes, whose 
land area of sensible motion was over 7,000 square n,* and which 
originated from the region under consideration. 






Sf, ■•♦»-' ' * 



TABLE I.-.YBARL7 NUMBXSR OF THE EARTHQUAKES 
WHICH ORIGINATED OFF THE NORTH-EASTERN COAST OF JAPAN. 

Land area of SenRible motion > 7«000 sq. ri. 



Year. 


Namber of the Earthquakes. 


1901 


5 


1902 


12 


1903 


5 


1904 


3 


1905 


2 


1906 


2 


1907 


4 

• 



From the above table, it will be seen that the larger earth- 
quakes of the submarine origin occurred 12 times in 1902, but 
were much rarer and had the average annual frequency of 2.8 
in the years after 1904. This decrease of the seismic frequency 
for the zone in question is also clearly shown by Table II, which 
gives for the interval of 1892 to 1907 the yearly number of those 
earthquakes, each of which was felt strongl5% moderately, or 
slightly, along the north-eastern coasts of Japan over a land area 
greater than 4,000 sq. ri. ^ ^ ^'- '• - 



f \ ' • / 



• 1 H = 2.4 milps or 3.927 km. 
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TABLE II.— YBARLT NUMBBR OF TBB EARTHQUAKES, 

WHICH ORIOINATEO OFF THE NORTH-EASTERN COASTS OF JAPAN, 

And which were cnch felt strongly, moderately, or nWjIitly over 
n Innd men greater Uuin 4,000 aq. H. 



Year. 



Number of the Earthquakes. 



1892 

1893 
1894 
1895 
1896 
1897 

1898 
1899 
1900 
1901 
1902 

1903 
1904 
1905 
1906 
1907 







5 



1 
3 

8 } 



Mean .... 3.6 



1 
2 

5 
4 
6 






Mean 3.6 




2 
3 
2 

2 J 



Mean 



1.8 



According to the above table, the larger and stronger earth- 
quakes occurred 8 and 6 times respectively in the years 1897 
and 1902 ; the average annual frequencies during the two succes- 
sive five year intervals of 1893-1897 and of 1898-1902 being 
each equal to 3.6. During the last 5 years, 1903-1907, the 
seismic activity was much smaller, the average frequency being 
1.8. Thus it will be seen that the large submarine earthquakes 
wliose origins were near Pacific coasts of the northern Japan 
decidedly decreased in number since 1903. It is probable that 
this decrease will continue for several years to come, and that 



Oil till- Enrtluiunl((>i of Ibn Fnji Volcnnic Cbnin. \G9 

the centre of seismic activity on tlie outer side of Japan will be 
in future transfeiTed along the " convex seismic zone " southwards 
to the sub-oceanic region off the coasts of Tokaido and Nankaido, 
between the peninsula of Izu and the Island of Kyushu. In the 
mean while, the activity along the Fuji volcanic zone seems to 
have been increasing daring the recent years. 

3. Secent activity of the Fuji volcanic zone. The series 
of the islaiuls (sf>c llir nui|), Fi;i. 1) iirlon.iiiii.u' to the Fuji volcanic 
ciiain lias, within tlir last a few yoais. Ix-in unusually active iu 
istfttiofi 6t"iJiS"!ffii»(eiTanefin onci%'y and given rise to 



oa in August, probably 
.f 9th, 1902. The total 
1 number, was entirely 



ERJt&TA. 



1. 167, Udm 3 nnd 2 faom bottom, far "Btrongly. mcdenitsly, ca d^hUy." rtad the Miuami IwO-jima 

■' Tiolently, Btrongly, or modetntely." 

^ 168, TaWeU. /or ■Btrongls.inodeiately.OTBjighUy." read "violently. Btrongly. ■ 1^04, resulting in the 

*" *^' )ut 145 metres in height 



?ieinity of the Bayonnaise 

Ma), in April, probably 

outbursts continued for 

about one week, a great quantity of pumice having been found 

floating on the sea surface. 

As regards the seismic activity, there were, since 1 890, fifteen 
larger or stronger earthquakes which originated along the Fuji 
zone islands ; the date, time of occurrence, approximate position 
of the origin, and area of disturbance* for each of these shocks, 

• The area of diHtnibancs signiflen heM the nrtn within wbirh Iho motion wne f^'lt at 
remriM by the cnUnnir Om; Milne-Ewing type Heiunogmphn. 
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numbered 1 to 10, being given in Table IIL The earthquakes 
numbered 2^ 3', 4^ 5^ 6^ 7^ 9^ 10', ir, 13', W and 15^ given 
for the sake of comparison, are those which do not belong to 
the zone in question, but which occurred within a short time 
interval before or after the shocks 2, 3, 4, 5, etc., respectively. 



TABLE III.~LIST OF THE LARGER EARTHQUAKES WHICH ORIGINATED 

ALONQ THE FUJI VOLCANIC ZONR 1890-1908. 

Eqkes Nob. 2', 3', 4\ 5\ C, 7\ 9'. ItK, 11\ 13', 14', and 15' are the laiger distnrbanoes 
which preceded or followed the shocks under oonsideiation. 



No. 


Date. 


Approximate Position of 
Eqke Origin. 


Time of 
Oocnrrenoe 
at Origin. 


Area of Distnrhanoe. 
(Longer axis x shorter axis.) 


1 


AprU 


16, 1890. 


{Vicinity of Miyake and 
( Mikara Islands. 


h m 

9 30 pm. 


/Land area of sensible \ 
V, motion - 4740 sq. tH.) 


2 


Feb. 


12. 1896. 


In the sea of Isu. 


6 38 am. 


rt. rl, 
150x120 


2' 


■ 


14. .. 
ft f« 


Tokyo Bay. 

NW. port of Mosashi 


1 58 am. 

2 04 am. 


llOx 60 
110 X 65 


3 


May 


7, „ 


Do. 


2 37 pm. 


150 X 140 


3' 


t» 


If •» 


Vicinity of Kyoto. 


6 3A am. 


120x 60 


4 


Jan. 


18, 1897. 


In the sea of Isn. 


9 27 pm. 


120 X 90 


4' 


t* 


17, .. 


Sazaka (Shinano). 


5 36 am. 


130 X 110 


5 


Maroh27.1898. 


In the sea of Isn. 


3 24 am. 


170 X 110 


5' 


t» 


f» !• 


Off the S. const of Sngami. 


11 25 pm. 


120x100 


6 


Jan. 


31, 1900. 


In the sea of Izu. 


2 37 am. 


180 X 120 


6' 


Feb. 


1. II 


Off the K. const of Mutsa. 


4 22 am. 


250x150 


7 


Nov. 


5. 1900. 


( 9 = 33''43' N ; X = 139^06' E. 
Near the Islands of Miya- 
ke, Mikura and Kosu. 


4 41 pm. 


200 x 140 


7' 


«t 


6, „ 


fOff the HE. const of Awa- 
{ Kazosa Peninsaln. 


G 14 i)m. 


I20x 80 


8 


II 


9, „ 


fSome distance to the 
{ South of No. 7. 


2 54 am. 


180x140 
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TABI^ m. (Cord.) 



No. 


Date. 


Approximate Podtion of 
Ec^ke Origin. 


Time of 
Occnnence 
at Origin. 


Area of Pistnrbanoe. 
(Longer axis x shorter axis 


^) 


9 


Nov. 


19, 1900. 


In tbe sea of Izu. 


1i m 

10 58 pm. 


ri, rt. 
130 X 80 




S* 


»t 


»» f» 


N. part of Yamato. 


4 40 am. 


130x 70 




10 


Feb. 


20, 1902. 


Vicinity of Hachljo-Jima. 


10 50 am. 


190x150 




10' 


»» 


21. „ 


Off the £. coast of Mntsn. 


35 am. 


260 X 170 




11 


June 


3, 1903. 


Vicinity of Haohijo-jima. 


28 pm. 


180x100 




11' 


tt 


2. „ 


Off the £. coast of Mntsu. 


7 59 pm. 


150x 90 




12 


Nov. 


13. 1904. 


(Vicinity of Ogaaawara- 
jima. 


9 49 am. 


/Land area of senaible\ 
I, motion - 590 aq. r4. / 


13 


June 


7, 1905. 


Vicinity of Otihima. 


2 40pnL 


220 X 120 






( " 


«» »» 


In the Inland Sea. 


2 40 pm. 


450x200 




13' 


». 


4. » 


*i 


3 08 am. 


90x 50 






^ » 


6. .. 


t« 


8 32 pm. 


80x 40 




14 


May 


4, 1907. 


(Vicinity of Ogaaawara- 
j jima. 


5 37 pm. 


600x400 




14' 


i» 


5, ,t 


Off the £. coast of Hitachi 


2 16 am. 


220x180 




15 


jMay 13, 1908. 


(Between Hachijo-Jima 
and Omae-saki. 


5 23 am. 


400x250 






II 


If 11 


Do. 


5 37 am. 


400x200 




15' 


1 


14. ., 


Centrnl part of Hitachi. 


10 57 am. 


40x 30 




»t 


15, „ 


8. part of Rikozen. 


10 40 am. 


lOOx 50 





Of the 15 earthquakes, Nos. 1 to 15, the strongest were the 
three Nos. 1, 7, and 13, each of which was semi-destructive at 
some of the islands within the meizoseismal area, and caused some 
damage such as cracks of tlie ground, landslips of cliffs, etc. No. 1 
was felt severely in the islands of Miyake and Mikura, and No. 7 in 
these two as well as in the island of Kozu. Eqke No. 14 origi- 
nated near the island of Oshima. The positions of the origin of dis- 



1 
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turbance of the 4 shocks Nos. 7, 11, 13 and 15 are indicated in 
Fig. 2. Of the remaining earthquakes, Nos. 10 and 11 originated 
in the vicinity of the Hacliijo-jima, while Nos. 12 and 14 origi- 
nated in the vicinity of the Ogasawara-jima. 

The following table gives some of the results of the seisrao- 
graphical observations at Tokyo, Osaka, and Mizusawa, relating to 
the earthquakes Nos. 6-14. (Eqkes No. 15 are considered later on.) 



TABLE IV.-EQKES NOS. 6-14. OBSERVED AT TOKYO, 

AND MIZUSAWA. 

Time of Ot•cllITeDoo=^ 

Total Duxntion of the Preliminary Tremor =j/. 

Duration of the Ist preliminary Tremor =2/1 . 



If 



2nd 



f» 



=y2 



No. 


Date. 


Toky 


0. 


Osaka. 


Mizusawa. 
















t 


y 


t 


y 


t 


6 
7 

a 

9 

10 


Jan. 31, 1900 
Nov. 5, „ 
9, „ 

»> Ut It 
Feb. 20, 1902 


h 111 n 

2 37 31 am. 

4 41 42 pm. 

2 55 03 am. 
10 58 39 pm. 
10 49 25 am. 


n 

33 
27 
99 
25 
30. 


y, = l8 
3/, = 17 
y. = lO 
yi = 56 
y,=43 

12/2 = 13 

1 


U 111 s 

10 50 10 am. 


lj/2=51 


h m K 

10 50 22 am. 


11 


June 3, 1903 


27 48 pm. 


25.1 


28 20 pm. 


G3 


28 55 pm. 


12 


Nov. 13, 1904 


9 48 50 am. 


48.5 


9 47 29 am. 


— 




13 


June 7, 1905 


2 39 30 pm. 


17. 


2 40 18 pm. 


50 


2 40 33 pm. 


14 


May 4, 1907 


5 38 24 pm. 


96. 


5 38 53 pm. 




5 38 54 pm. 



Calculating, for each of Eqkes Nos. 11 and 13, the opicentral 
distances (x) by the formula a;''"'=6.8Gy"~ + 8.1*"-,* we find :— 

Eqke No. 11 ... .Tokyo 180*'"; Osaka 440^"' 

Eqke No. 13 ... .Tokyo 125 ; Osaka 351 



* ThiB Number, p. 146. 
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As shown in the map (Fig. 2), the origin of Ecjke No. 13, deter- 
mined by the intersection of the two circles drawn about Tokyo 
and Osaka respectively with radii proportional to the distances 
here obtained, is found to be quite close to the island of Oshima, 
which volcano {<p=W W N, ^=139^ 24^ E) was probably the 
real centre of the disturbance. The origin of Eqke No. 11 is 
similarly found to be about 70 km to the south-west of the island 
of Hachijo. The Tokyo epicentral distance of Eqke No. 7 was, 
according to the calculation, 193 km and its origin was probably 
near to Miyake-jima, approximately at ^^=34"" 3' N, A=139'' 22' E. 
These three earthquakes, together with the shock of May 13 th of 
this year, thus seem to have originated all along the chain of the 
Izu volcanic islands ; the otliers having their centres in the same 
neighbourhood or southwards in the vicinity of Ogasawara-jima 
(Benin Islands), 

4* Hdation between the earthquakes of the Fuji volcanic 
zone and those originating off the north-eastern coasts of 
Japan. According to Table III, the majority of the larger earth- 
quakes, which belonged to the Fuji volcanic chain, and whose 
area of disturbance had, in each case, a longer diameter greater 
than 100 ri (=400 km), were accompanied within a day or so by 
similar ones originating elsewhere in Japan or off its north-eastern 
coasts. Before conceiving any relation between these different 
groups of earthquakes, however, it is necessary to examine the 
average frequency of larger earthquakes in the whole of Japan. 
This is indicated in the accompanying table, for those years in 
which the shocks Nos. 2, 3, 11, 13, 14 and 15 took place. 
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TABLE V.>- YEARLY NUMBER OF LARGER 

WHOLE JAPAN. 



Year. 


Itumber (£ Eqkes, whose Innd 

area of clJBtnrbnnoe was greater 

than 1,000 gq. H. 


Mamber of Eqkes, whose longer 

axis of the area of distorfaonoe 

was greater than 100 ri 

(=400 km). 


1896 


38 


36 


1897 


36 


34 


1898 


62 


54 


1900 




72 


1902 




75 


1903 




59 


1904 




50 


1905 




84 


1907 




71 



The annual earthquake number in Japan during the interval 
under consideration varied between 34 and 84, giving the average 
value of 59, which is equivalent to one larger shock occurring 
every 6.2 days. This is 7 times longer than the average interval 
of 2L6 hours (Table VI) between the different earthquakes of 
the Fuji volcanic zone and the shocks which accompanied them. 
Hence it is probable that the earthquakes Nos. 2^, 3^ 4^ . . . . , 

which either preceded or followed the Eqkes Nos. 2, 3, 4, 

were really related to these latter. 

The eleven earthquakes, 2', 3', 4',. . . .may be divided into two 
groups, (i) and (ii), according as they preceded or followed those 
of the Fuji volcanic zone, as shown in the following table. 
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TABLE VI.->RIILATION OF THE 

VOLCANIC ZONE TO THOSE OF THE OTHER 



OF THE FUJI 
ORIGINS. 



Eqke. 


Origin of the Eqke by which that of 
the Foji Volcanic Zone wiis 


Time interval by which Eqke of the 
Figi Volcanic Zone was 


N08. 


preceded. . . (i) 


followed... (ii) 


preceded by (i) 


followed by (ii) 


2'-2 




Tokyo Bay. 


day hoar 


day hour 
1 19 


3-3' 


Vicinity of Kyoto. 

1 Vicinity of Snzftka 
(Shinano) 


8 

1 16 




4-4' 






5'-5 


(Off the S. const 
(of Sagami. 
[Off the £. cmat 
of Mutsa. 

Off the SR. eoavt of 
the Awa-KaBusa 
Penlnaula. 


20 


6'-6 






1 2 


7'-.7 






1 2 


9-9' 


N. part of Yamato. 


18 




10-10 




rOff the E. coast of 
(Mntsn. 

do. 


14 


ll'-lO 






16 


13-13' 


Inland Sea 


18 




14'-14 


Off the const of 
Hitachi. 

Hitachi. 


9 


15'-15 






1 5 












ilmn 


21 


23 




Otneral Mein, 


22 honrs. 






1 





It will be seen from the above table that there is apparently 
a certain regularity in the order of occurrence of larger earth- 
quakes along the different seismic zones. All the earthquakes 
of Group (ii) originated off the north-eastern coasts (including 
Tokyo Bay) of Japan, while those of Group (i) originated in the 
central part of the Main Island or in the Inland Sea. Whether 
these interesting relations are also fulfilled in the future remains 
to be seen. It is true that the number of the shocks of Group 
(i) is too few and only four. Bat the uniformity of the Pacific 
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origin of all the 12 shocks of Group (ii) is striking. Confining 
I our attention to the latter group alone, we may, as a provisionary 
conclusion, suppose that, when the seismic stress along the Japan 
arc reaches a maximum limit, and an earthquake first occurs 
along the Fuji volcanic zone, an equal or greater disturbance is 
likely to originate after about one day off the eastern coast 
of the Main Island or Hokkaido. That is to say, the Fuji zone, 
or the series of the islands belonging to it, forms a very sensitive 
seismic belt, and gives rise ito the earthquake or volcanic erup- 
tion, which serves as a fore-runner to another in the northern part 
of the principal or external seismic zone. 

5. Volcanic eruptions. Of the three volcanic eruptions 
mentioned in § 3, the first and the third, which occuiTod not 
very far fi'om Izu islands group, respectively at Tori-shima and 
near the Bayonnaise Rock, were each accompanied by a marked 
seismic activity. Thus, the eruption of Tori-shima took place 
between the night of 7th and that of 9th, in August 1902, 
the larger Japan earthquakes during tliis epoch being as 
follows : — 



Date. 
(Aug., 1902) 


Approximate 

Time of 

Occnrrence 

at Origin. 


Origin of Earthquake. 


Tjonger and 
Shorter axes 

of Area of 
Disturbance. 


7 

8 


h m 

36 pm. 
6 22 pm. 
8 37 am. 


Bay of Tokyo. 

OS the coast of Mutsu. 

Sahara (Shimosa). 


rl. rt. 

160 X 70 
250 X 150 
200 X 120 



It may be added that there was no large earthquake in any part 
of Japan during the 11 days preceding the 7 th of August, and 
also during the 11 days succeeding the 8th of August. 
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The submarine eraption near the Bayonnaise Eock probably 
occurred between 7th and 13th of April, 1906, (i.e. simultaneously 
with the great outbursts of the Vesuvius), there having been the 
following six earthquakes during the 7 days from 4th to 14th 
(Formosa excepted) : — 



Date. 
(April, 1906) 



4 
5 
fi 
8 
9 
11 



Approximate 

Time of 

Occurrence 

at Origin. 



Origin of Earthquake. 



b ni 

10 04 am. 

11 50 am. 
7 29 pm. 
2 52 pm. 
2 38 am. 
7 08 pm. 



Off the coast of Biknzen. 

Iwaki. 



>» 



>> 



Off the E. coast of Nemuro. 
Off the E. coast of Awa- 

Razusa Peninsula. 
Off the coast of Iwaki. 

NW. pari; of Mine. 



Longer and 
Shorter axes 

of Area of 
Distnrhance. 



ri. rt. 

130 X 70 
240 X 180 
350 X ? 
160 X 70 
230 X 160 
140 X 90 



In this case again there was no large earthquake in Japan 
(Formosa excepted) during the 11 days preceding the 4th of 
April, and during the 9 days succeeding the 11th of April. 

6. JVbfe on volcanic earthquakes. The earthquakes 
originating along the Fuji volcanic chain are probably of tlie 
volcanic origin, that is to say, they are the effects due to the 
activity of the volcanic energy, resulting in the sudden formation 
or extension of a subterranean cavity and other disturbances. 
Earthquakes of this nature need not necessarily be small, and 
are sometimes quite different in magnitude from those, which 
accompany actual volcanic eruptions or explosions and which are 
of purely surface origins. As instances of strong volcanic earth- 
quakes of moderate extension, I may mention the shocks on 
April 21st and 22nd, 1792, which preceded the final catastrophe 
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of the Vnsen-dake (in the province of Hizen, Kyushu),* which 
caused in the town of Shimabara some damage to buildings and 
cracks of the ground about 1 inch in width. The earthquake of 
April 2, 1868, in the island of Hawaii, which attended the erup- 
tion of Mauna Loa in that year, is another example. It caused 
some damage to buildings in the vicinity of the mountain, in 
addition to a landslip which produced a remarkable mud stream. 
The shock at Pompeii, which had caused a considerable amount of 
damage to the buildings in that city 16 years prior to its final 
destruction by the eruption of the Vesuvius, was also evidently 
of the same category. 

The proper volcanic earthquakes are thus sometimes strong, 
semi-destructive, or even locally destructive, but seem as a rule 
not to attain the magnitude of a larj^^e destructive shock. 

Earthquake of May 23, igo8. 

7. I>ifferent shocks on May 13, 1908. As is usually the 
case with stronger earthquakes of the Fuji volcanic zone, the 
principal shock of May 13th, 1908, at about 5h 23m am., was 
accompanied by many minor ones, the earliest of which occurred 
at 4h 44m am. on the same day. The following table is a list 
of 13 of the shocks of this group, which were sensible or were 
recorded by the ordinary Grey-Milne-Ewing type seismographs on 
the Main Island, during the course of the next 24 hours; the 
numerals within the brackets in the first column corresponding 
to those of the fore-shocks (Table on page 99) and after-shocks 
(Table X) observed at Hachijo-jima. 



* See my "Note on the EruptioDR of the Unsen-dake in the 4th year of Kannei (1792)." 
The Bulletin, Vol. I, No. 3. 
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TABU3 Vn.-LIST OF THE EARTHQUABXS ON MAT 13th AlVD 14th, 1908, 
WHICH WERE SEiraiBU!, OR WERE RECORDED B7 THE ORDINART 
ORAT-MrLNE-EWINQ T7PE SEISMOQRAPHS. 



No. 



a (1) 



h (2) 



c (6) 



e (7) 



/(I') 



(5') 
h (8') 
i{W) 

9 

J 

k 
I 



Approximate 

time of 
Occorrenoe 
at Origin. 



Time of 
Occorrenoe 
in Tokyo. • 



[May 13th] 

li ni 

4 44 am. 



5 06fam. 



5 23 am. 



5 30 am. 



5 37 am. 



5 54 am. 



m 



6 34 am. 

7 03} am. 

7 28 am. 

8 17 am. 

9 23 am. 
9 54 am. 

[May 14th] 
1 33 am. I 



h m A 



5 07 06 am. 



5 23 22 am 



5 37 22 am. 



5 57 17 am 



7 0405 am. 



Strong. 



Hachijo- 
jima, 
Naga- 
tsnio, 
^NumazQ. 



Hachijo- 

jima, 

Noga- 

ItBUIO. 



Moderate, 



[Yokohama, 
llida, Meia, 
jHamamatim 
] Matsnmoto, 
Tbu, Kofu, 
Tokayama, 
Kyoto. 

Matsnmoto. 



INnmazu, 
Tsn. 



Sliifht 



Tokyo, Yokoenka, 
Hikone, Osaka, 
Nngoya, Gifa, 
NiigAta. 



Yokusoka. 



I Tokyo, Mem, 
(Kofn, Nagoya. 



Kofu. 
Yokohama. 



Kofa. 



Slight 
(insenaihle) ** 



( 



Kofa. 



Hachijo-jima 
Yokohama, Kofa. 



fNumaza Matsu- 
(moto. 

I Hachijo-jima, 
Kiimaza, Kofa, 
Kumogae. 



IFakoshima, Mito, 
Yokosnka, Fukui, 
Yogi, Wakayama, 
Tokoshima, Oka- 
yama. 

Namaza. 

Fakoshima, Mito, 
YokoBoka, Gifo, 
Hikone, Kyoto, 
^Osaka. 

(Yokohama, 
(Komazu. 

fYokoeaka, 
(Namaza. 

Kofa. 

Namaza. 

Kofa. 

Kofa. 

Kofa 

Namaza. 



IMatsamoto, 
Namaza, Hikone. 



* The times of oooanenoe in Tokyo have been taken from the seismogxams famished 
by the horizontal pendalam tromometer of 120 times magnification. 

** A slight {insensible) shaking means an earthqaake vhich is insensible, bat is lecoided 
by an oxdinory Omy-Milne-£wing type seismogxaph. 
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The shock at 5h 23m am. was felt stnmghj at Hachijo-jima 
and witliin an area of 110 sq. ri on tlie Main Island, wliich 
covered the major part of Izu and a portion of Totomi, causmg 
stoppage of pendulum clocks, overflow of liquids, etc. The area 
of moderate motion, about 1,780 sq. ri, extended over the provinces 
of Mikawa, Totomi, Suruga, Kai, Sagami, Awa, and Kazusa ; the 
total land area within which the motion was sensible or was re- 
corded by the Gray-Milne-Ewing type seismographs being 8,640 
sq. ri. At the Hachijo-jima itself, the second shock, which 
followed 14 minutes later, was felt much more strongly than the 
first. Again, of the 13 earthquakes tabulated above, only 8 
were sensible on the Main Island. The earthquake at 5h 37m am., 
which was, according to the seismographic records at the different 
stations, of a magnitude practically equal to that of the principal 
shock, had a much smaller land area of disturbance than the 
latter. This was probably due to the removal of the origin of 
the second earthquake further southwards. The areas of dis- 
turbance of these two earthquakes are indicated in PL XXXIX. 

8. Preliminary tremor and epicentre. Table VII gives 
the times of occurrence and the durations of the preliminary 
tremor of the two principal eartliquakes, deduced from the records 
furnished by the Omori horizontal pendulum seismographs at 
Tokyo, Osaka, Mito, Mt. Tsukuba, Nagano, and Hachijo-jima, 
whose multiplication ratios varied from 10 to 300 times. The 
determination of the moment of commencement of the second 
shock was rendered uncertain by the superposition of the vibra- 
tions forming the end portion of the first. 



On tho £iuth(iiiiike8 uf the Fuji Volcanic Oluiiu. 



181 



TABLE Vni.— TIME OF OCCURRENCE AND DURATION OF PRSLIMINART 

TREMOR OF THE TWO PRINCIPAL EARTHQUABXS, OBSERVED 

'WITH OMORI HORIZONTAL PENDULUMS. 



Station. 



Time of 

Occurrence. 

(am.) 



Component. 



Duration of 

PreUminary 

Tremor. 



Instrument. 



Proper 
Period. 



Multiplication. 



1st Earthquake. 







/ NS 


♦»eo. 

32.9 


Kee. 

28.0 


10 




Il 111 .H 


» 


34.5 


48.5 


20 


Tokyo. 


5 23 22 


EW 


27.4 


4.7 


300 






J> 


25.2(?) 


26.5 


120 






* >> 


24.8(?) 


61.5 


16 






/ NS 


46.7 


30.0 


20 


Osaka. 


5 23 35 


EW 

NS 


44.8 
42.9 


25.0 
4.0 


20 
90 






I EW 




4.0 


90 


Mt. Tsukuba. 


5 23 41 


EW 


40.3 


4.0 


90 


Mito. 


5 22 48 


EW 


45.0 


28.8 


20 


Nagano. 




EW 


39.7 


13.0 


20 


Mizusawa. 


5 24 20 








— 


Hachijo-jima. 


5 19 09(?) 


EW 


15.2 


4.5 


150 



2nd Earthquake. 



Tokyo, 


5 37 00 


NS 


30.5(?) 
32.3(?) 


28.0 
48.5 


10 
20 






/ NS 


46.1 


30.0 


20 


Owika. 


5 37 00 


EW 

NS 


45.7 
48.0 


25.0 
4.0 


20 
90 






I EW 


48.6 


4.0 


90 


Mito. 




EW 


47.0 


28.8 


20 


Nagano. 


— 


EW 


34.0(?) 


13.0 


20 
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The duration of the preUminary tremor at Tokyo seems to 
be somewhat shorter in the EW component tlian in the NS. As 
a provisionary measure I have adopted the value for the latter 
component, which corresponded nearly to the longitudinal wave. 
The duration for Osaka does not much differ in the two com- 
ponents, which may therefore be taken together. Table IX gives 
the mean durations of the preliminary tremor at the different 
places obtained by averaging the results relating to the two 
earthcjuakes. 

TABLE IX. -MEAN DURATION OF THE PRELIMINARY 
TREMOR AT THE DIFFERENT PLACES. 



Station. 


Diuration of Preliminary 
Tremor = y {mean valve). 


Epicentral JDistauce = x, 
calculated by Eq. (3), 
page 146. 


Tokyo 




33.7 


km 

239 


Osaka 




46.4 


326 


Mt. Tsukuba 




40.3 


284 


Mito 




46.0 


323 


Nagano 




39.7 


280 


Hacbijo-jima. 


• 


15.2 


112 



The epicentral distances {x) given in the 3rd colnnan of tlie 
above table have been calculated from the duration {y) of the 
preliminary tremor by the equation a;*™=6.86 y'^^'+S.l*'".* Drawing 
on the map (Fig. 4) the circles about the 6 different places as 
centres, with the radii proportional to the x thus obtained, the 
points of the mutual intersection are found to be quite close to 
one anothers, except those relating to Nagano. The approximate 
position of the epicentre marked on the map by a small cross 

* This Number, p. 146. 
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(x), is at about f =88''63' N, A =138'' 56' E, nearly midway between 
the island of Hachijo and Cape Omae-zaki of Totomi. (See Fig. 3,) 

9. Fore^shocks. The earthquake at 5h 23ra am. was pro- 
ceded by 5 minor precursory disturbances. These furnish a very 
interesting example of the occurrence of the " fore-shocks " of 
earthquakes, and have been discussed in another article. (This 
Number, p. 99.) 

10. After-shocks. Table X gives the time of occurrence, 
the duration of the preHminary tremor, and the maximum range 
(=2a) of motion in the EW direction for the 12 after- shocks, 
which immediately followed the two principal earthquakes, the 
observation having been made at the meteorological observatory 
of Hachijo- jima with an Omori horizontal tremor-record or of 150 
times magnification. 



TABLB Z.— AFTER-SHOCKS OBSSRVBD AT HACHIJO-JIMA 


No. 


Time of 
Occurrence at 
Hachijo- jima. 


Total 
Dnration. 


Duration of 

Preliminary 

Tremor. 


Max. 2rt. 


1' 


h m « 

5 65 02 am. 


m ti 


li«C. 

1C.5 


mm 

0.19 


2' 


5 57 13 


5 15 


16.1 


0.34 


3' 


6 13 14 


1 30 


15.1 


0.037 


4' 


6 20 4f; 








5' 


n 33 44 


30 


14.6 


0.030 


fi' 


6 36 55 


50 




0.027 


7' 


6 65 14 


50 


15.3 


0.037 


8' 


7 03 56 


2 00 


16.3 


0.090 


9' 


7 23 00 


1 10 


15.9 


0.030 


10' 


7 28 30 


50 


16.4 


0.020 


11' 


7 49 00 


1 40 


14.6 


0.020 


12' 


8 00 40 


30 




0.016 
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Except the first two, all these shocks were very small. The 
duration of the preliminary tremor for the diflferent cases varied 
between 14.0 and 16.5 sec, giving the average value of 15.6 sec,, 
which corresponds to an epicentral distance of about 107 km from 
Hachijo-jima, probably to the NW of the latter. The successive 
time intervals between tlie 12 after-shocks were as follows : — 

2»11« 
16 01 (♦) 

7 32 

12 58 (♦) 

3 11 

18 19 (♦) 

8 41 

19 05 (♦) 

r> 30 

20 30 (♦) 

11 40 

It will be observed that every alternate intervals, marked by 
as<tei*isk8^ varied from about 13 to about 19 minutes and were 
much longer than the intermediate ones. 

The two principle earthquakes on the 13th were followed, in 
accordance with the characteristic of the distuilmuccs along the 
Fuji volcanic chain (§ 4), by the two following shocks which 
originated along the north eastern coast of the Main Island : — 

May 14th : 10.57 am Origin, central part of Hitachi. 

■ 

„ 15th : 10.40 am „ , S. part of Bikuzen. 

There was no shock of the land area of disturbance greater than 
1,000 sq. ri for the 8 days after the 2nd of the above earthquakes, 
and for 9 days 14 hours preceding the lat shock on the 13th. 
(Sec Table III.) 
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Fig. 1. Map of the Islands of the Fuji Volcanic Chain. 
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The After-shocks of the Zenkoji (1847) and 
the Tenpo (1830) Earthquakes. 

By 
P. OMORI, Sc. D., 

Member of the Imperial Earthquake Investigation Committee. 



"V^ith PlB. XL and ZLI. 

CONTENTS. 

§ 1. Introduction. 

§ 2. After-shookB of Zenkoji Earthqunke. 

§ 3. Frequency ot nfter-shockB of Zenkoji Eiirthquake compared 

with that of Mino-Owari Earthquake. 
§ 4. After-ahockB of Tenpo Earthquake of 1830. 
$ 5. Comparison between the after-nhock frequencies of Tenpo and 

Mino-Owari Earthquakes. 
§ 6. Conclusion. 

1. Introduction. The present note gives an account of the 
frequency of the after- shocks of the two great Japan earthquakes 
of Zenkoji and Tenpo, based on the old records given in the 
Dai-Nippon Jishin Shiryo (" Material for the Earthquake History 
of Japan," No. 46 of the Report [Japanese] of the Imperial Earth- 
quake Investigation Committee, 2 Vols.) 

2. Aftershocks of the Zenkoji eartliquake.* * Tlie daily 

number of the after- shocks of the great Zenkoji earthquake of 
May 8, 1847, recorded at Matsushiro by an official in the service 
of the feudal lord of that place are given in Tables I and II, re- 
spectively for the first 31 days and for an interval of the 42 days 
between Nov. 29, 1847 and Jan. 9, 1848. There were also manv 
jinari, their numbers not being included in the figures of Table I. 
The city of Matsushiro is about 10 km to the south of the middle 
point of the epifocal zone. 

* A short account of the Zenkoji earthquake has been given in p.p. 136>]43, of this Number. 
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I.—: 



NUMBERS OF 
OF MAT 8, 1847. 



THE AFTER-BHOCKS OF THE ZENKOJI 
MAT 8-jnNE 7, 1847. MATSUBHIRO. 



Date. 


Number of 
Earthquakes. 


Date. 


Number of 
Earthquakes. 


May 8 


31 


May 24 


16 


9 


69 


25 


11 


10 


56 


26 


25 


11 


80 


27 


7 


12 


82 


28 


10 


13 


86 


29 


12 


14 


52 


30 


17 


15 


39 


31 


3 


16 


57 


June 1 


13 


17 


43 


2 


20 


18 


29 


3 


5 


19 


20 


4 


8 


20 


37 


5 


14 


21 


16 


6 


13 


22 


31 


7 


7 


23 


21 


Sum. 


9ao 



TABZiB n.— DAILT NUMBERS OF THE AFTER-SHOCKS OF THE ZBNKOJI 

OF MAT 8, 1847. KOV. 29, 1847— JAN. 9, 1848. 



Date. 



Earthquakes. 



Strong. 



Moderate. 



Jinnri. 



Total Nnml>er. 



Small. 



1847 

Not. 29 
30 

Dec. 1 
2 

3 
4 
6 



2 
1 

3 
4 
3 
2 

2 



5 
3 



4 
1 

3 
9 

7 
4 
2 
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TABLE) II. (Govt.) 



Date. 

» 


Earthquakes. 


Jinari. 


Total Number. 


Strong. 


Moderate. 


Small. 


1847 












Dec. (5 




2 






2 


7 


^ - 


1 




2 


3 


8 


2 


1 


3 




6 


9 




1 


1 




2 


10 


— . 


2 




* 


2 


11 


*— -_« 


1 






1 


12 


^ 




1 


1 


2 


13 




2 






2 


14 


1 


1 


1 


2 


5 


15 




1 


— 


— 


1 


16 





2 






2 


17 




1 


1 


3 


5 


18 





1 






1 


19 




2 




1 


3 


20 
21 
22 








— 






2 


6 


1 


2 


11 


23 




1 


3 


. 


4 


24 




1 


^•^^ 





1 


25 




1 




— i 


1 


26 




1 






1 


27 
28 




4 






4 


29 
30 




1 


— — 




1 


31 


— 


2 


5 


2 


9 


1848 












Jan. 1 
2 
3 




2 


1 




3 




1 


1 


_^ 


2 


4 




1 




2 


3 


5 
6 


1 


4 
1 


5 
3 


(Freciuent) 


10 

4 


7 




1 


1 1 


f 

1 


2 


8 


3 


5 


2 


— ~ 


10 


9 


1 




1 


___ 1 


1 


Sum. 


12 


67 


39 


16 

1 


134 
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TABLE m.— MONTHLY JXUMBBRB OF THE SENSIBLE EARTHQUAKES 
RECORDED AT THE METEOROLOGICAL OBSERVATORT OF NAGANO. 

1889—1907. 



^\Month. 


I 


n 


1 
III 


IV 


V 


VI , 


vn 


vm 


1 

IX 

1 

t 


X 


XI 


XII 


Sum, 


1889 





1 


1 


u 


1 


1 









1 

1 


1 








4 


1890 


2 








1 





1 




















4 


1891 














1 





1 








2 


1 


2 


7 


1892 


1 


1 




















' 





1 


3 


6 


1893 





1 


1 

















1 



1 





2 





4 


1894 


























i 

i 

1 


1 








1 


1895 


2 








1 


























3 


1896 


2 


2 


1 


1 





1 


2 


2 


1 











12 


1897 


4 


2 





5 


5 


2 


A 


1 




1 





2 


1 


23 


1898 








4 





1 


1 




1 





10 


2 


1 


21 


1899 


1 





4 


3 


1 
















2 





12 


1900 


1 





3 


1 


1 







1 














8 


1901 


1 














1 




2 


1 





2 


3 


12 


1902 


2 











1 


1 



















4 


1903 


1 


1 


1 













2 














7 


1904 








2 





1 


1 





1 






' 1 


1 


3 


9 


1905 


1 


1 


1 


1 


1 


2 


6 


2 





3 

1 


1 





19 


1906 


1 


2 


2 


4 


2 


2 


3 


1 


2 


1 
I 1 





2 


22 


1907 





1 


1 


5 


4 


4 


2 


2 





2 


1 


2 


24 



The numbers of the after- shocks of the Zenkoji earthquake for 
the first 6 intei-vals of 5-clays each commencing with May 9, the day 
after the great catastrophe, were, according to Table I, as follows: — 
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X 


5-day Interval. 
, (1847) 


Observed Number 
of After-shocks 


Calculated Number 
of After-shocks. 



1 

2 
3 

'4 
5 


May 9— May 13 
„ 14- „ 18 
.. 19- „ 23 
„ 24- „ 28 
„ 29— June 2 

Jnne 3 — „ 7 


373 

220 

125 

69 

65 

47 


438 

177 

111 

81 

63 

52 



Denoting the 5 -day interval and its corresponding after-shock 
fre<iuoncy respectively by x and y, and calculating the constants 
of my equation for the frequency of after-shocks, we obtain from 



the foregoing table the following formula : — 



2/ = 



296.4 



.T -1-0.675 



(1) 



The values of // calculated by this equation for the different .r's, 
given in the last columun of the above table, may be regarded 
on the whole to be approximately equal to the actual after- shock 
frequencies. 

Calculating by means of Equation (1) the seismic frequency 

365 
for a;=-^=73, we find : — tj=4t.O. Hence, 67/=24 gives the pro- 
bable number of the after- shocks during the one month exactly 
one year after the initial great earthquake, namely, during the 
30 days between April 27 and May 26, 1848. The actual number 
of the shock during this interval was 27. 

Again, calculating as a trial the seismic frequency for x= 50 
years, we find : — 

?/=0.081; --p-x//=5.9. 
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Tlius, according to Equation (1), the annual frequency (of the 
after- shocks only) at Matsusliiro 50 years after the Zenkoji earth- 
quake, should be approximately 6 ; indicating a possibility of the 
continuance of after- shocks of a violent and great catastrophe for 
over half a centuiy. For the sake of reference, I give in Table 
III the yearly numbers of the sensible earthquakes recorded at 
the meteorological observatory of Nagano (Zenkoji) during the 
19 years between 1889 and 1907. The mean of the two last 
named years is 1898, which is 51 years after the date of the 
earthquake in question, and the average annual seismic frequency 
during the 19 years was 10.6, which is eciuivalent to the sum of 
the yearly number of the ordinary earthquakes and that of the 
after-shocks, if any. 

8. I^requency of aftcr'Shocks of the Zenkoji earthquake 
compared with tluit of the Mino-Owari earthquake* The 

after- shocks of the Zenkoji earthquake were more numerous than 
those of the Ansei earthquake of Dec. 24, 1854, recorded in Tosa, 
and of the Nemuro-Kushiro (Hokkaido) earthquake of March 22, 
1894, recorded at Nemuro. 

The following table gives the daily number of the after- shocks 
of the Mino-Owari earthquake for the 30 days between Nov. 3 
and Dec. 2, 1891, recorded instrumentally at the meteorological 
observatory of Gifu. (The after-shocks of the Mino-Owari earth- 
quake have been discussed in detail in the Jour. Sc. Coll., Tokyo 
Imp. Univ., Vol. VII, and the Publications of the Earthquake In v. 
Comm., No. 7.) 
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May 9 



May 15 



May 24^ 
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*Iujve>7 



( 



ap = Time, in Dny. 

y = Daily Number of After- Bbocks. 




^..i 



ntt-MthH 



KTov.S 



Nov.IO 



yov.20 



(1891) 



De^.20 



Fieqnenoy of the After-shocks of the Tenpo (1830) and 
Zenkoji (1847) Earthquakes. 
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TABLE IV.-AFTER.8HOCKS OF THE MINO-OVTARI EARTHQUAKE OF 

OCT. 28, 1891. OBSERVED AT THE METEOROLOaiCAL 

OBSERVATORY OF QIFU. NOV. 3 -DEC. 2, 1891. 



Date. 


Daily Number 


Date. 


Daily Number 




of Eqkes. 




of Eqkes. 


Nov. 3 


81 


Nov. 19 


17 


4 


78 


20 


33 


5 


53 


21 


21 


(> 


G7 


22 


12 


7 


45 


23 


23 


8 


42 


24 


IS 


9 


44 


25 


9 


10 


40 


20 


15 


11 


38 


27 


11 


12 


40 


28 


10 


13 


35 


29 


19 


U 


29 


30 


14 


15 


29 


Dec. 1 


7 


10 


28 


2 


16 


17 


21 






18 


18 


Snm 


919 






• ••••• V^^ft^ 



The variation with time of the after-shock frequency at Crifu 
(luring the 30 days, beginning with the 6th day after the initial 
disturbance, is graphically shown in Fig. 2. It will be observed 
that the mean cuiTe resembles in general that in Fig. 1, which 
indicates the similar relation for Matsushiro with respect to the 
Zenkoji earthquake, during the 30 days beginning with the 2nd 
day after the latter. Further the total numbers of the after-shocks 
of these two great earthquakes during the respective 30 days 
intervals were nearly alike, namely, 919 and about 900. 

The following is a comparison of the after-shock frequencies 
of the two earthquakes under cosideration during the 30 days, 
respectively (i) 7 months and (ii) 1 year after their occurrence : — 
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Zenkoji Eqke. 



Mino-Owari Eqke. 



30 days Interval. 



(i) Dec. 1-30, 1847. 



(ii) 



(April 27-May 
26, 1848. 



Number of 
After-shocks. 



30 days Interval. 



73 shocks. 
12 sounds. 

(27 shocks. 

I numerous sounds. 



(i) 
(ii) 



May 28-June 
2G, 1892. 

(Oct. 28 -Nov. 
27, 1892. 



Number of 
After-shocks. 



23 shocks. 
11 sounds. 

46 shocks. 

8 sounds. 



Hereby it is to be noticed that the record of the Mino-Owari after- 
shocks, which was made instrumentally at the meteorological 
observatory of Gifu, incUides a nnmber of insensible shakings and 
may be taken to be much more accurate than that of the old 
Zenkoji shocks, which was carried on without instrumental aid. 

From what has been said above it seems that the number 
of after-shocks of the Zenkoji earthquake of 1847 was not less 
than that of the Mino-Owari earthquake of 1891. 

4. After^shocks of the Tenpo earthquake of 1830. Tlie 
earthquake of the 1st year of Tenpo (1830), on Aug. 19, whicli 
caused considerable damage in the city of Kyoto and the vicinity, 
was followed by numerous after-shocks whose daily numbers at 
Kyoto are given in Table Y ; their total number in the interval 
of 6 months up to Feb. 28, 1831, being 681. The numbers of 
the after-shocks during the successive intervals of 30 days, 
denoted by .t=0, 1, 2, 3, 4, and 5 respectively, were as follows : — 







Nnmber o£ the after- 


Nnmber of the after- 


X 


30 days Interval. 


shocks actually 


shocks calculated 






recorded at Kyoto = y. 


by Equation (2). 





Aug. 20, 1830 -Sept. 18, 1830. 


302 


306 


1 


Sept. 19, „ -Oct. 18, „ 


111 


134 


2 


Oct. 19, „ -Nov. 17, „ 


90 


8<] 


3 


Nov. 18, „ -Dec. 17, „ 


57 


63 


4 


Dec. 18, „ -Jan. 16, 1831. 


71 


50 


5 


Jan. 17, 1831-Feb. 15, „ 


33 


41 
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The relation between the time x and tJie corresponding 
seismic frequency y, ilhistrated graphically in Fig. 3, is found to 
be as follows : — 



237.9 
^"" a; 4- 0.777 



(2) 



Tlie figures in the last column of the preceding table have been 
calculated by Equation (2). As a trial, putting .r=:00x 12 = 720 
(or approximately 00 years), we find y=0.33. Hence, 12y=4 is 
the approximate calculated value of the annual seismic frequency 
in Kyoto, about 60 years after the earthquake in question, 
provided its after-shocks be supposed to have been continued for 
so long a time interval. Now, the value of x considered above 
corresponds to the year 1890, and the average annual number of 
earthquakes recorded at the Kyoto meteorological observatory 
during the 11 years between 1885 and 1895, was, as shown in 
tlio following list, approximately 5, agreeing fairly well with the 
result deduced from Equation (2). 



TBARL7 NTTMBER OF EARTHQUAKES IN KYOTO. 1885 --1895. 



Year. 


Number of 
Earthqnaka^. 


Year. 


Number of 
Earthquakes. 


1885 


5 


1891 


102 » 


1886 


2 


1892 


25* 


1887 


6 


1893 


5 


1888 


5 


1894 


6 


1889 


2 


1895 


14 


1890 


2 


Mean. 


5 



* The nnmbexB for 1891 and 1892 have been omitted in taking the mean, as the majority 
of the distarbances in these two yenxH were the after-Rhocks of the Mino-Owari eaithqnnko of 
Oct. 28. 1891. 
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TABLE V...DAIL7 NUBCBERB OF THE AFTER.SHOCK8 
OF THE KYOTO EARTHQUAKE OF AUQ. 19. 1830. 
KYOTO. AUG. 20, 1830- FEB. 28, 1831. 



Tear. 


1830 


1831 


^"^'"--v^^ Month. 


vm 


IX 


X 


XI 


XTT 


I 


n 


1 




13 


4 


2 


3 


3 


2 


2 




11 


4 


6 


3 





2 


3 




12 


2 


4 


3 


4 


2 


4 




11 


1 


1 


1 


4 


1 


5 




4 


1 


4 


2 


4 


2 


G 




2 


3 


2 


1 


2 





7 




5 


3 


2 


1 


1 


1 


8 




6 


4 


1 


3 


2 


1 


9 




6 


9 


2 


3 


2 


3 


10 




5 


3 


6 


1 


3 


1 


11 




5 


3 





2 


4 


2 


12 




6 


4 


7 


2 


2 


1 


13 




6 


4 


4 


2 


1 





14 




12 


3 


5 


1 


2 


3 


15 




7 


4 


5 


1 


3 


3 


16 




3 


4 


1 


1 


4 


2 


17 




3 


1 


2 


2 


1 


3 


18 




3 


3 


3 


2 





2 


19 


(Great 
Eqke.) 


3 


3 


2 


4 





3 


20 


20 


1 


2 





2 





2 


21 


20 


11 


1 


1 


2 





2 


22 


20 


4 


3 


1 


3 





3 


23 


20 


1 


4 


2 


3 


1 





24 


12 


2 


2 


2 


2 








25 


13 


3 


3 


3 


1 








26 


13 


9 


5 


3 


2 


1 





27 


13 


6 


3 


2 


2 








28 


13 


6 


5 


2 











29 


13 


1 


3 


2 


3 


2 


— 


30 


13 


4 


1 


2 


2 


2 




31 


12 




1 


— 


2 


2 
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6. Comparison between the after-ahock frequencies of the 
Tenpo and Mino^Owari earthqtiakes. The following table gives 

the number of after- shocks during the successive 30 days intervals 

for the Tenpo and Mino-Ovvari earthquakes, beginning respectively 

with the 2nd and the 42nd days after the initial disturbances. 



Tenpo Eqke of 1830 (Kyoto). 


Mino-Owari Eqke of 1891 (Gifn). 


30 days TntervaL 


Nnmber of 
After-shocks. 


30 (lays Interral. 


Number of 
After-shocks. 


(Commencing with the 2nd 
dtkj after the Eiiithqoake) 

X = 

1 

2 

3 

4 

6 


302 
111 
90 
67 
71 
33 


(Commencing with the 42nd 
day after the Earthquake) 

Dec. 8, 1891-Jan. 6, 1892 
Jan. 7, 1892-Feb. 5, „ 
Feb. C, „ -March 6, „ 
March 7, „ -April 5, „ 
April 6, „ -Moy 5, „ 
May 6, „ -Jane 4, „ 


294 
110 
72 
62 
73 
37 



The numbers of the Mino-Ovvari after-shocks, which are the num- 
bers of the earthquakes instrumentally observed at Gifu and do 
not include the cases of the jinari, or mere sounds, will thus be 
seen to be very nearly equal, on the whole, to the corresponding 
figures for the Tenpo earthquake. That is to say, the monthly 
after-shock frequency during the earlier epoch of the latter earth- 
quake was practically identical with that of the former, with a 
time retardation of 40 days. (See Figs. 3 and 4.) 

6. Conclusion. The foregoing §§ seem to indicate that the 
after- shocks of great earthquakes are governed by time relations 
which are more or less alike in the different cases. The three dis- 
turbances of Zenkoji, Tenpo, and Mino-Owari, all originated along 
gi'eat earthquake zones, the similarity of the causes probably tend- 
ing also to the similarity of the phenomena of after- shocks. 



Note on the Seismic Stability of the Piers of the 
Naisha-gawa Railway Bridge, Formosa. 

By 

F. OMORI, Se.D., 

Member of the Imperial Earthquake Investigation Committee. 



With Pis. XTiTI & XTiHI. 



In connection with the seismic experiments on the fractm'ing 
and overturning of cohimns, described in the " Pubhcations of the 
Earthquake Investigation Committee," No. 4, 1 have used for the 
fracturintr the formula 



a = 






in which the different symbols have the following significations : 

a = Acceleration of the earthcjuake motion necessary for fracturing 
a given column, supposed to be uniform in section or else to 
have a vertical axis or plane of symmetry. 

(J = Acceleration due to the gravity =9,800 mm/sec*. 

F = Tensile strength of the column at the section of fracture. 

0^^= Half width of the section of fracture in direction parallel to 
the earthquake motion. 

f = Height of the centre of gravity of the portion above the section 
of fracture. 

/F= Weight of the fractured portion of tlie column. 

In the practical application of the above formula to the calculation 
of tlie strength of bridge piers, chimneys, walls, etc., there is 
always a great uncertainty respecting the value of the tensile 
strength F; it being impossible that each of such masonry struc- 
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tures should have a perfect homogeneity of strength of material. 
A column is therefore broken by the earthquake shock at the 
weakest place near the theoretical section of fracture. Again, a 
brick structure of large dimensions requires a certain length of 
time for the hardening of the mortar joints, such that the latter 
would be a good deal compressed before their conversion into 
.perfectly solid elastic bodies. From this latter circumstance it 
seems that, at the mortar joints, where the brick work is almost 
invariably broken, tension will tend to set in immediately with 
the bending of the column. From these considerations, I have 
in my former papers simply taken the tensile strength of the 
brick work into consideration. For certain masonry structures, 
however, we may more logically take the quantity F in the above 
equation as denoting the tensile strength of the material increased 
by the weight per unit area of the section of fracture of the 
mass above the latter ; it being absolutely necessary for the 
practical applications of the results that the strength of the material 
should not be over-estimated. Let us now consider, as an example, 
the seismic stability of the taU piers of the Naisha-gfau;a bridge 
in Formosa. 

The single track Naisha-gfajta bridge on the Formosa main 
railway Une, consists of nine 60' plate girders supported by two 
abutments and eight piers of masonry (Kg. 3), with embedded 
iron frame. As the ground is of a soft rocky formation, there 
is no well sinking, the heights of the piers, including the thickness 
of the foundation, being as follows : — 

Northern, or Taihokn-end, Abutment 27' 0" 

No. 1 Pier 70 7 

No. 2 „ 92 6i 

No. 3 „ 114 5 
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No. i Pier 114' 5" 

No. 5 „ 114 3 

No. 6 „ 110 3 

No. 7 „ 105 0.5 

No. 8 „ 105 0.5 

Southeni, or Taicliu-end, Abutment 46 9 

Thus the six piers Nos. 3 to 8 are each taller than 105', the- 
construction in masonry of these high piers having been neces- 
sitated by the peculiar conditions of cUmate in Formosa, which 
cause iron spikes, bolts, etc. to rust quickly, and which render 
the maintenance in proper manner of high trestle works of iron 
extremely difficult. 

Weakest section. In considering the seismic stability of the 
high piers of the Naisha-graM;a bridge, we must first determine 
the approximate position of the weakest section, or the lieight 
where these structures are likely to be broken in case of a violent 
earthquake. If each of these piers be regarded as a " tall column," 
it would behave as a high brick chimney and be broken by the 
earthquake shock at about two-thirds of its height. If the column 
be, on the other hand, regarded as a *' short column," then it 
would be weakest at, or near, the base. Thus it is first necessary 
to determine the length of the vibration period, which is proper 
to each of the columns and on which depends the classification 
of the latter with respect to the height of the section of fracture. 
The period, whose exact value can only be found from an actual 
measurement, may be estimated, so far as the order of magnitude 
is concerned, from a comparison with other bridge piers whose 
vibrations have been investigated. Thus for instance, the tallest 
of the piers of the single track Kiza-gaica bridge of Kwansai 
Railway, has a height of 60' and supports the ends of a 200' 
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Pratt truss and a 100' Warren girder. This pier stands directly 
on native rocks, and therefore its motion may be regarded as that 
due to its whole height; the periods of the transverse and lon- 
gitudinal vibrations being respectively between 0.30 and 0.15 sec, 
and between 0.31 and 0.14 sec* As now the bed of the Formosa 
river in question is rocky in nature, and not muddy, the piers of 
the Naisha-gfau'a bridge are to be regarded as vibrating approxi- 
mately with their bases as centres ; the period being, when in- 
ferred from the case of the Kizn- gawa bridge, probably 0.5 sec 
or so., that is to say, much shorter than the period of the large 
destructive earthquake motion. From these considerations we may 
conclude that each of the high piers of the Naisha-gfai6*a bridge 
would behave on the occasion of a destructive earthquake, not as 
a tall brick chimney, but is to be regarded as a '• short column," 
and is weakest at the base. 

Stability of the piers. Let us consider the stability against 
the earthquake motion of the two tallest piers, Nos. 3 and 4, of 
the Naisha-gfa?ra bridge. As shown in Fig. 4, each of these two 
piers, rectangular in section, is 114' 5" in height, and is 10' x 6' 
at the top, and 22' U"x20' 0" at the base or the ground level; 
there being at the foot on the up-stream side a buttress 19' 3i" 
in height. The foundation, constructed to suit the nature of the 
ground, is 14' 5" in thickness. Further, the metal frame embed- 
ded in each of the piers consists of 8 iron rods, 1 J" in diameter, 
reaching from a few feet below the top down to the middle of 
the foundation, joined by horizontal iron bars forming a rectangle 
at every 10' distance of the vertical. 

Now a body of the dimensions like those of the pier under 
consideration can never be overturned as a whole, even when the 



* See the " FublicationR of the Earthquake InveRtigation Committee," No. 12, 
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structure simply rests on, and not fixed to, the ground.* Hence, 
the question of the seismic stability of the pier reduces itself to 
that of the fracture, which is, when the earthquake is sufficiently 
violent, most likely to take place at or near the base, as before 
explained. 

(i) Let us first calculate the strength of the pier at its base, 
or the section J5, supposing the direction of the shock to be 
parallel to the length of the bridge. (See Figs. 1 and 4.) 



Fig. 1. 
(Section B) 




Fig. 2. 

(Section A) 



I 




i *'4't 



Is-iT 



— r_- 



20' 9 



The values of the different factors in the fracture-formula for the 
section B are as follows**: — 

7 = Moment of the area of fracture about its middle axis 
= 351,o60,000 (unit iu inches). 

I Weight of Pier above Foundation (=1524.8 tons) 
-f Weight of Girder and Track system ( = 21.1 tons) 
= Total Sum = 1545.9 tons = 3,463,000 lbs. 
/ = Height of Centre of Gravity of the whole structure above 

Foundation = 38' 9" = 465". 
X = 120". 

For the tensile strength of the brick work, let us adopt a value 

• The " PubUcationB," No. 12. 

** The eYalnAtion of the quantities /, TV", and / for the two sectionR A and B have been 
made by Mr. Ina^iki of the Railway Department of the Formosa Government Geneml. 
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of 50 lbs per sq. in., which is a little smaller than that obtained 
from the test pieces of the masonry of the Ki^o- gawa railway 
bridge destroyed by the great Mino-Owari earthquake of 1891.* 
The strength of the iron rods, supposed to be uniformly distributed 
over the section under consideration, is equivalent to the reinforcing 
the masonry by 10.5 lbs per sq. in. of the area, assuming the 
ultimate strength of the iron rods to be 60,000 lbs per sq. in. Again, 
supposing the total weight of the pier and the girder and track 
system ( = ^V) to be uniformly distributed over the base plane J5, 
we obtain a pressure of 43.0 lbs. per sq. in. of the sectional area. 
Taking together the strength of the masonry, that of the iron 
rods, and the compressional effect, the effective tensile strength 
of the column will be 

F = 50+10.5 + 43.0 lbs == 103.5 lbs. 
Tlie seismic stability of the pier then becomes 

_ 9800 X 351,360,000 x 103.5 ^ q, , 
""' " 120 X 456 X 3,463,000 " ^^^ mm/sec-. 

J (ii) Let us next take the section A, whose height corresponds 
td. the top of the buttress. (Figs. 2 and 4.) Wo have : — 

I = 168,502,500 (unit in inches) 

Weight of Pier above Section A (=902.1 tons) 
7F= ■ + Weight of Girder and Track system ( = 21.1 tons) 

= Total Sum = 923.2 tons = 2,068,000 lbs. 
/ = Height of Centre of Gravity of the structure above Section A 

= 29' 10" = 358". 
jro=ixl6' 9" = 100"f 

The effect on the strength of the brick work of the iron rods is 
equivalent in this case to an increase of 16.9 lbs per sq. in. of 



* The " Publications/' No. 4. 
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the sectional area ; while the pressure of the mass above the 
plane of fracture is 41.3 lbs per sq. in. of it. The effective tensile 
strength is i^=50 + lC.9+41. 3=108.2 lbs per sq. in. Hence the 
seismic stability of the pier at the section A is 
9800x168,502,500x108.2 



2,068,000x358x100.5 



= 2404 mm/sec*. 



Tlins Ot is greater than «i in the I'atio of abont 4 : 3, and the 
pier, which is strengthened by a buttress, is still weakest at the 
base, its seismic stability being a,= 1844 mm/sec'. As this is 
nearly equal to the intensity of motion in the destructive earth- 
quakes likely to disturbe the western part of Formosa, the pier 
in question may be considered, when the work is properly executed, 
to be fairly good from the seismological point of view. 
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Example of a Simple Brick Structure 
damaged by Earthquake. 

By 

F. OMOBI, 8c. ])., 

Member of the Imperial Earthquake Investigation Conmiittee. 

As an example of a very simple brick building, whose seismic 
stability can roughly be calculated, I consider here the market- 
house at the town of Ensuiko, in the Prefecture of the same 
name, which was damaged on the occasion of the Kagi earth- 
quake of Nov. 6, 1904. This structure consisted merely of a roof 

with wooden truss supported 
by 20 brick posts {ab, cd in 
the accompanying figure.) The 
building covered an area of 100 
tsubo, and was 20 ken in length 
and 5 ken in width, the longer 
axis being parallel to the N-S 
direction.* The roof had a total area of 3,960 square shaku, 
and was covered by the tiles of the native style. As the 
weight per square shaku of the roof, truss, and the tiling, is 
about 15 lbs, the total weight of the roof system was about 
00,000 lbs, distributed with the average amount of 3,000 lbs among 
tlie masonry posts, of which there were 10 on each side with a 
mutual distance of 2 ken. The posts consisted each of 38 layers 
of bricks, the height being 8.6 shaku (=103"), and the section 




♦ 1 fccn = 6 sJuiku = 1.82 metres. 1 Umbo = 1 ken scxnore. 
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IJ bricks square, or 1.17 shakii (=14^^) square. Assuming the 
weight per 1 cubic inch of the brick work to be 0.0603 lb, the 
weight of each of the columns will be 1,206 lbs. Thus the total 
pressure at the foot of each column was 4,206 lbs, giving an 
average amount of 21,5 lbs per square inch of the base area. 
This amount of compression, added to the tensile strength of the 
mortar joint of the brick work which is assumed to be about 
20 lbs per sq. in., gives a value of 41.5 lbs per sq. in. for the 
effective tensile strength at base section of the columns. Again, 
the centre of gravity of the whole building is estimated to be at a 
height of 7.4 shaku (=2,230 mm), that is to say, only 1.2 shaku 
( = 30 J cm) below the top of the supporting columns. This fact 
illustrates the importance of reducing the weight of the roof of 
a structure, in order to lessen tlie intensity of effects on the latter 
of the earthquake motion. 

The seismic stabiUty of the Ensuiko market-house, whose 
construction has been sketched above, is indicated by the accelera- 
tion (=a) of the earthquake motion, which is capable of fracturing 
the supporting columns at their weakest position, namely, the 
base. This can be calculated by the formula 

"" 3/ W ' 
the value of the different constants being as follows : — 

qcq= 177.5 mm 

/ = 2,230 mm 

F= 41.5 lbs per sq. in. 

JVz= Weight supported at the foot of the column =4,206 lbs. 

The value of the acceleration a is found to be only 497 mnl/soc^ 
Such an intensity of motion is by no means that of what may 
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be called a " great destructive shock," but is not much different 
from the maximum acceleration at Hongo on the occasion of the 
semi-destnictive Tokyo earthquake of June 20, 1894. Thus the 
seismic stabihty of the market-house under consideration will be 
seen to be very low. In order to make a structure in Formosa 
practically eai-thquake proof, we must raise its seismic stabiUty 
to an acceleration of about 2,000 ram/sec*. 

As is to be easily imagined, all the posts of the market-house 
were fractured by the earthquake of Kagi of 1904 at their bases, 
each being also broken at or near the foot of the timber diagonal 
support {ef and gU in the figure.) It is hereby to be remarked 
that great care must be taken in the use of trusses and ties. 
The existence of even an apparently insignificant discontinuity, 
in the form and dimension, the rigidity, or the material, invariably 
produces a fmcture or mutual destruction at the joints. 



tr 



I ^ 



On the Duration of the Strongest Part of 
Motion in Destructive Earthquakes. 

P- OMOKI, Sc, I)., 

Member of the Imperial Earthquake luvestigatiou Committee. 



The disturbance due to a large earthquake is, when observed 
by means of a sensitive seismogi*aph, generally found to last several 
hours. The duration of the sensible part of the motion is of 
course much shorter. Still it may sometimes happen that 
at or near the epicentral district of a destructive earthquake, the 
ground is kept for a considerable time interval in a state of 
shaking, owing to an incessant occurrence of the after- shocks 
Thus at the Kusliiro-^a/ci light- house, on the occasion of the 
Hokkaido earthquake of March 22, 1894, at 7h 56m pm., the 
lamp could not be kept lighted for the 30 minutes after the great 
shock on account of the almost continual succession of the 
tremblings ; the origin of disturbance being under the Pacific at 
a distance of about 100 km from the coast of Kushiro and Nemuro. 
For the sake of reference I give next the duration of the " prin- 
cipal portion " of the ordinary, or non-destructive, earthquake 
motion, obtained from the macro-seismograph observations at 
Miyako (province of llikuchu), and Kyoto. 

Miyako Duration of Principal Portion, 0.7 sec. to 26 sec. 

Kyoto „ «.0 „ „ 20 „ . 

The duration of tlie principal portion, which according to the 
observations at Miyako and Kyoto varied between 0.7 and 26 sec.. 
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may be taken in ordinary cases to be from a few seconds to 
about half a minute. The monvements are, however, not uniformly 
large throughout the principal portion of an earthquake. On the 
contrary, there are usually, in the seismic motion due to a near 
origin, a few prominent vibrations at the commencement of the 
principal portion which are much larger than the others. This 
particular feature of motion is specially well marked in strong 
and large earthquakes. 

The following list gives the duration of the strongest part of 
tlie principal portion for the 19 destnictive, semi-destructive, and 
severe earthquakes in Japan, measured with the Gray-Milne-Ewing 
type macro-seismographs at the different stations : — 



No. 


Date. 


EfiTthqnnke. 


Place of 
Observation. 


Duration of the 
Strongest Part. 


1 


Oct. 


15, 18K4 


Tokyo Eqke. (severe) 


Tokyo 


7.0 


•2 


June 


20, 1894 


Tokyo Eqke. (Reini-<lestrnctive) 


»» 


4.3 


3 


Oct. 


7, „ 


Tokyo Eqke. (severe) 


ft 


4.0 


4 


Jim. 


18. 1895 


f* fi 


»' 


8.0 


5 


Sept. 


7. 1892 


Mino-Owftri Eqke. (Bomi-destmctive) 


Gifn 


9.5 





Jiin. 


10. 1894 


»• tt 


«• 


0.0 


7 


Sept. 


7, 1893 


Kngoshima (Chimn) Eqke. (semi-de- 
structive) 


Kagoshima 


0.0 


R 


Ang. 


12. 1898 


FaknokA (ItoHhimn) Eqka (serai-de- 
stractive) 


Fnknoka 


8.5 


9 


Atig. 31. 1890 
(at 4'» 20«»,pm.) 


Rikachn-Ugo Eqke. (severe) 


Miyako 


4.0 


10 


June 


7. 1903 


Tftito Eqke. (severe) 


Taito 


0.9 


11 


April 


24, 1904 


Kogi „ (destnictive) 


Tainan 


8.0 


12 


Nov. 


0. „ 


»» »» 1 ft ) 


•« 


13.0 


13 


Mnrch 


17. 1900 


Great Kogi Eqke. 


«f 


11.9 


14 


April 


14. 1900 


Kagi Eqke. (destructive) 


«« 


13.9 


15 


Jan. 


11, 1900 


Basshishyo and Bokusekikakn Eqke. 
(destnictive) 


>« 


19.0 
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No, 


Dnte. 


Eaithqimke. 


Place of 
ObHenratioii. 


Dniatioo of the 
Btiongest Pari. 


16 

17 

1« 
19 


April 23. 1898 

March 7. 1899 

Ang. 31, 1896 
Oct. 28. 1891 


(Origin off the NE ooniit of Mnin 
( Ishind. (ftevere) 

(Origia off the E. const of Kii. 
I (destractive) 

Gnteai Bikn-U Eqke. 

Ozeat Mino-Owari Eqke. 


Hiyako 

Wakayama 

Miyako 
Tokyo 


jier. 
19.0 

19.0 

26.0 
28.0 



Of the above 19 earthquakes, the twelve severe, semi-destnic- 
tive, and destnictive shocks, namely, Nos. 1, 2,.... 11, and 15, 
were not what may be called a great earthquake, namely, extensive 
and very destructive seismic disturbance. Again, the throe 
Formosa earthquakes, Nos. 12, 13, and 14, were very destnictive, 
having caused the following amount of damage : — 

Eqke No. 12 : 45 lives loat, 490 houses entirely destroyed. 
No. 13 : 1249 „ „ , 5669 „ 
„ No. 14 : 15 „ „ , 1540 „ „ „ 

These Formosa earthquakes were, however, each quite limited in 
area, indicating the relative smallncss of their magnitudes. Now, 
in the cases of the 14 earthquakes, Nos. 1 to 14, the duration of 
the strongest part of motion lasted 4.0 to 13.9 sec, with the 
average value of 8.0 seconds ; being in the majority of cases less 
tlian 10 seconds. Eqke No. 15 indicated the duration of 19.6 see. 

In the two earthquakes, Nos. 16 and 17, which were large 
submarine disturbances, tlie duration were each 19 sec. Finallv, 
the Riku-U (No. 18) and Mino-Owari (No. 19) disturbances wore 
veiy great destnictive shocks, the duration of the strongest motion 
being 26 and 28 sec. respectively. 

Summary. In destructive shocks, the duration of the strongest 
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part of motion is generally 4 to 10 seconds. When, ho^vever, the 
earthquake is very great, that is to say, extensive and violent, 
the duration in question may be nearly 30 seconds. These results 
will be of use in the consideration of the destructive effects of 
earthquake shocks on different structures. 



NOTES. 

Aleutian earthquake of Aug. 17^ 1906. The north Pacific 
earthquake of Aug. 17, 1906, occurred at about Oh 11m 44s (O.M.T.), or 
28m 21s earlier than the great Valparaiso shock on the same date, the 
approximate position of its origin being, according to my estimation, on the 
southern, or convex, side of the arc of the Aleutian Islands, at ^=50®N, 
>l=175^E.* Had the centre of this earthquake been in the same longitude 
but much more southwards, say at latitude 30^ N or so, the shock might 
possibly have been felt, or registered on the cable instruments at the Midway 
Island (^=28° 30' N, ;.=177° W). Such was, however, not the case, as will 
be seen from the following letters, which have very kindly been communicated 
to me by Dr. Otto Klotz, Director of the Astronomical Observatory of Ottawa, 
Canada. (F. Omori.) 

« J. D. Gaines, Esq., 12th April, 1907. 

Supt. Cable Station, 
Honolulu, Hawaii. 
My dear Mr. Gaines, 

'' I hope that in the following I am not asking too much of you, 
anyway, my excuse is that it is in tha interest of Science — and that 
means Mankind. 

"You know last August 16 about 8 P.M. at Valparaiso occurred a 
destructive earthquake. — The earthquake instruments showed however 
another quake about half an hour earlier, whose origin is placed in 
Lat. 30° N. Long. 107® E„ say about 800 west of your station Midway. — 
Now what I desire to ascertain is whether at Midway the cable in- 
struments were in any way affected either mechanically, that is, by 
direct pulsations or quakes, or magnetically, that is, that the magnetic 
field was distrubed, as shown by the syphon or electric apparatus. 



* See the " Bnlletin," Vol. I, No. 2. 
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" The time at Midway would be in the neighborhood of Noon Thurs- 
day, Aug, 16 counting time westward ; I am mentioning this as Midway 
is so close to the anti-prime meridian where tlie change of date takes 
place ; for reckoning eastward it would be noon Aug. 17. 

" There should have been noticed too on that day, after noon, one 
or more tidal waves coming from the west due to the quake. Perhaps 
the diary there will disclose that phenomenon. 

•* I would be very glad if your Supt. (Mr. CoUey), at Midway would 
look up the syphon records for several hours about noon and see whether 
any disturbance is shown. Possibly he made a note on that day about 
the behaviour of the instruments. 

" I would have written to him direct if I knew of any mail com- 
munication with Midway, hence I throw myself on your good nature. 

" It is desirable that the time should be given as accurately as pos- 
sible for any disturbance that may have been recorded or noted. 

Yom^s sincerely, 
Otto Klotz." 

** Commercial Pacific Cable Company. 

Honolulu, H.T. July 16/07. 
To Otto Klotz, Esii., 
My dear Mr. Klotz. 

" Pardon the delay in answering your letter of April 12th — I have 
been very busy with outside work, which with the office work kept me 
fully occupied. 

" I spoke to Mr. Colley over the wire and he looked over the slips, 
for several hours on each side of Noon, Aug. 16th and he says the 
instruments were in no way affected and no indications of tidal waves. 

** I hardly expected, he would find any indications. We noticed 
none, during the San Francisco earthquake. 

". We have felt one or two slight quakes, during the time I liavo 
lived here, but I could never discover any disturbance on the slip. A 
few nights ago we had a slight quake, it shook my bed, I thought of 
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yoUy noted the time, and phoned the office, to mark the slips of both 
instmments, so I conld examine them the next morning. I could not 
see the slightest distuibauce — I was delighted you wrote me and shall 
always be glad to look up anything for you. 

Very sincerely, 

(Sgd) J. D. Caines." 

Earthquake of Sept. 3, 1907 • The following account of the earth- 
quake of Sept. 3. 1907, is taken from the Japan Times of Sept. 25, 1907. 

" Alarming sea-quake experience (f the KinseL The Japanese sealing 
schooner Kinsei'inaru arrived at Hakodate on the morning of the 22nd of 
September from the Behriug Sea, having taken 743 seal skins for the 
season. 

"The master of the vessel reports all the other Japanese sealing ves- 
sels in the Behring Sea as doing well, and having between throe and four 
hundred seals each. 

" On the 20th of August, the Kinaei-maru during a gale slipped a sea 
which smashed all her boats and did other damage, thus compelling the 
vessel to start for home before the close of the season. 

" On the 3rd of September, while the' vessel was in 53 Nortli and 170 
degrees East, heavy, severe and continued submarine earthquake shocks 
were felt, and which lasted for over twenty-four hours, during which the 
vessel sailed 120 miles. One shock lasting for three minutes was so severe 
that it was thought that the vessel would go to pieces. The surface of 
the ocean was covered with dense masses of pumice stone for a distance of 
over two hundred miles." 

Eureka earthquake of Aug. 18, 1908. The following letter 
from A.H. Bell, Esq., relates to the severe local shock felt at Eureka, in 
California, on Aug. 18, 1908. 

" My Dear Sir : Eureka, California. August 18, 1908. 

The heaviest earthtjuake experienced since the memorable ' shake- 
up ' of April 18, 1906, occmTed this morning at 2 : 59 o'clock. The 
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vibratioiis lasted about fourteen seconds. Anotlier shock of less severity 
was felt at 5 : 27 am., lasting about ten seconds. I am informed that 
this earthquake was not felt at San Francisco, the seismic motions 
extending about thirty miles north of Eureka and probably about the 
same distance to the southward. The damage done did not exceed 
$3000. I have just mailed detailed report to Prof. McAdie, San Fran- 
cisco, California 

Tours very truly, 
Aaron H. Bell, U. S. Weather Bureau Office." 

The following extract is taken from an Eureka daily paper: — 

" Weather Observer Aaron H. Bell stated this afternoon that the 

first and most severe quake this morning occurred exactly at 2 : 59 o'clock, 
and lasted about 14 seconds with vibrations from the southeast to the 
northwest. The violence was sufficient to stop clocks, rattle windows, and 
in the weather observer's office several instruments were disturbed. The 
greatest intensity was shortly after the beginning, gradually diminishing 
tliereafter. 

" The second earthquake this morning came at 5 : 27 o'clock, was of 
less violence and lasted about 10 seconds, the vibrations being upon the 
same direction as those of the first. Weather Observer Bell states that the 
quakes this morning were nothing as compared to the memorable one of 
two years agp in April, when San Francisco was almost wiped out of 
existence." 
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Note on the Long-period Variations of 
the Atmospheric Pressure. 

By 

F. OMOBI, So. D. , 

Member of the Imperial Earthquake Inyestigation Committee. 



With FlB. XLIV— XLVm. 



1. Introduction. From the discussion of the after- shocks 
of the Mino-Owari and other recent destructive earthquakes in 
Japan,* the seismic frequency has been found to have, besides 
the diurnal and annual variations, the periodicities approximately 
of the lengths of 4Jidays, 9 days, 12 days, 33 days, and 3 
months ; amongst others, the period of 4J days occurring very 
often. The present note, which is to be regarded as a supplement 
to my paper on the secondary causes of earthquakes (the Bulletin, 
Vol. II, No. 2), gives some account of the longer periods of varia- 
tion of the barometric pressure, the object being the comparison 
of the seismic and atmospheric periodicities. 

2. Ifft method of finding out the periodicity ofbarometHc 
presfnire. The daily or other mean barometric pressure 
at a given place of observation is plotted on a section paper, 
and the length of a period is obtained by taking the average 

* F. Omori : " On the after-shocks of enrthqiifikes," Jour. Sc. Coll., Tokyo Imp. UnivM Vol. 
VU, (1894). Also F. Omori : *' On the Earthquakes in Formosa/' Reports (Japanese) of the Imp. 
Earthquake Inv. Comm., No. 54 (1905). 
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from the mean curve drawn by free hand extended over several 
consecutive months. (See Figs. 1, 2, and 3.) I give next some 
examples relating to Tokyo, Gifu, and Mt. Tsukuba. 

3. Barometric pressure at Tokyo^ Oifu, and Mt. Tsukuba. 

As examples, I have taken the data relating to Tokyo, Gifu 
(province of Mino), and Mt. Tsukuba, and the average length of 
the different periods have been deduced from the curves, in which 
the ordinate is the mean barometric height corresponding to the 
time expressed in 1, 2, 5, or 10 days intervals. As may easily 
be imagined, the variation of the barometric pressure is generally 
very complex. In some cases, however, there is certain regularity, 
when the barometric variation indicates the periodicity of one 
kind or other. Thus, Fig. 1, which illustrates the variation of 
the daily mean pressure at Gifu between May 1 and Aug. 9, 
1892, indicates a period of about 4 J days. Again, in Fig. 2, 
which represents the same variation in 1903 at the top obsorvator\' 
of Mt. Tsukuba, a period of 8 or 9 days is shown between Jan. 
10 and Feb. 4, and in three other epochs, while a period of about 
4$ days is shown during the rest of the year. Fig. 3 illustrates 
the 10 -daily variation of the barometric pressure in Tokyo during 
the three years, 1887-1889, indicates more or less clearly a 
period of 3 months. The results obtained are summarized in the 
foUowincr table. 
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Time InteiTal. 

* 


The mean barometric 

pressure from whose 

variation the period 

has been deduced. 


Average Length 
of Period. 




TOKYO. 




Oct. 1-Dec. 31, 1888. 


Daily mean pressure. 


4.7 days. 


During the year 1888. 


2-daily 


8.7 „ 


Jan. 1-Aiig. 30, 1889. 


2-daily 


32.0 „ 


During the 3 jeArs, 1B87-18H9. 


10-daily 

GIPTJ. 


3 months. 


Jan. 1-Sept. 9, 1892. 


Daily mean preHRure. 


9.2 days ; 4.6 days. 


Jan. 1-Aug. 31, 1893. 


j» >» 


4.6 „ 


Sept. 1, ISai^Mnrch 31, 1892. 


2-daily 


8,6 „ 


May 1-Dec. 31, 1892. 


2-daily 


9.3 „ 


During the year 1893. 


2-daay 


9.0 „ 


Do. 


5-daily „ 


35.0 „ 


Do. 


10-daily 


34.0 „ 


Sept. 1, 1891-Dec. 31, 1892. 


10-daily 

MT. TSUKUBA. 


3 montljs. 


Nov. 18-Dec. 31, 1902. 


Daily mean pressure. 


8.6 days. 


Jan. 10-Feb. 4, 1903. 


» f> 


8.3 „ 


Feb. 4-March 1(5, 1903. 


>» >i 


4.4 „ 


March 19-Apiil 13, 1903. 


>i >i 


8.3 „ 


April 17-May 5, 1903. 


» 99 


4.5 „ 


May 5-May 31, 1903. 


» » 


8.7 „ 


Oct, 17-Nov. 5, 1903. 


>» » 


6.0 „ 


Nov. 6-Dec. 23, 1903. 


>l II 


7.8 ,. 



The (lifTcrent periods contained in the above table may be 
divided into 4 groups, i, ii, iii, and iv, as follows :— 
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• 

1 


• • 

u 


• • • 
111 


IV 


days 

4.7 


davs 
8.7 


1 

days 
32 


months. 
3 


4.6 


9.2 


35 




4.6 


8.6 






4.4 


9.3 






4.5 


9.0 






5.0 


8.6 
8.3 
8.3 
8.7 
7.8 






Mean . . 4,6 days. . . 


8.7 days 


33 days 


3 months. 



The mean values of the 4 different periods are 4.6 days, 8.7 
days, 33 days, and 3 months, the first two occurring most 
frequently. 

4. 3 fid method of finding out the periodicity of barometric 
pressure. Instead of considering the variation of atmos- 
pheric pressure at a given place as explained in the preced- 
ing §, let us find out the time interval between the successive 
epochs, when the whole of Japan is covered by high barometric 
pressure. Thus, Figs. 4 and 5 represent two consecutive cases 
separated by about 4 days, when the high pressure area extended 
over the principal Japanese islands. The mean values of the 
different periods in the pressure variation obtained by this method 
from an examination of the weather maps of Japan during the 4 
years, 1900 to 1903, are given in the following table. 
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Time Interval. 



Jan. 3 ; 6 am. — May. 14 ; 10 pm. 
Sept. 29 ; 10 pm.— Dec. 28 ; 10 pm. 
Jan. 2 ;2 pm. — Feb. 9 ; 2 pm, 
Feb. 18 ; 6 am.— March 21 ; 2 pm. 



1900. 



jj 



1901. 



)> 



Number of 

times when 

high pressure 

nrea extended 



Average intervnl 

between the 
successive high 



over Japan. I Pre8Bi»e epochs. 



29 

21 

9 

8 



day 



5 



4 
4 
4 



hour 

2 

12 
19 
10 



March 26 ; 10 pm.— June 1 ; 10 pm. 


j» 


14 


5 


4 


Sept. 29 ; 10 pm.— Dec. 27 ; 10 pm. 


»> 


24 


3 


21 


Dec. 31 ; 10 pm. 1901 April 6 ; 10 pm. 


1902. 


24 


4 


4 


April 18 ; 6 am. — May 15 ; 2 pm. 


>» 


8 


3 


22 


May 25 ; 6 am. — July 1 ; 10 pm. 


J» 


5 


9 


10 


July 17 ; 6 am. Aug. 27 ; 10 pm. 


9t 


5 


10 


10 


Oct. 5 ; 10 pm. 1902— Jan. 1 ; 2 pm. 


1903. 


23 


4 





Jan. 5 ; 2 pm. — Jan. 24 ; 6 am. 


>J 


5 


4 


16 


„ 28 ; 10 pm.— May 4 ; 6 am. 


>9 


22 


4 


3 


May 9 ; 10 pm. — June 21 ; 10 pm. 


J> 


8 


6 


6 



Taking the means from the above tabic, we obtain the following 
two periods : — 



d h days 

(i) 4 14 = 4.6 (averaged from 12 cases) 



(ii; 9 22 = 9.9 ( 



99 



)9 



9) 



) 



5. Combining the results obtained in §§ 3 and 4, the mean 
values of the first two periods are found to bo : — 

1st period 4.6 days. 



2nd 



j> 



9.3 



>j 



Thus, the length of the 2nd period is double that of the 1st 
period, the latter being probably the fundamental period in the 
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variation of the atmospheric pressure from day to day. It is 
quite possible that there exist, besides the period of 9.3 
days and one of about 33 days, many others of longer or 
shorter durations, which are probably the multiples of the 1st 
period. The period of the length of 3 months may be of a 
different origin, being one of the harmonics of the annual period. 

All the four periods in the variation of the barometric 
pressure as above obtained are evidently similar to, and likely to 
be the causes of, the con'esiX)nding periods in the variation of the 
earthquake frequency (§ 1). 

I give next a short notice respecting the after-shocks of the 
Taito (Formosa) earthquake of 1903, whose frequency shows 
fluctuations parallel to those of the barometric pressure. 

6. AfteV'Shocks of the Taito earthquake of Sept. 7, 1903. 

The following table gives the daily mean barometric pressure at 
Taito (Formosa) and the daily number of the after- shocks of the 
strong earthquake of Sept. 7, 1903, recorded at the same place by 
means of an Omori horizontal pendulum of 6 times magnification. 



DAILT MEAN BAROBffBTRIC PRESSURE AND DAILT NUMBER OF 
EARTHQUAKES AT TAITO (FORMOSA). SEPT.~OCT., 1903. 



Atmospherio Pressure.* 



Daily Number of Earthquakes. 



Dny 



.^onth September 



1 
2 
3 
4 
5 



mm 

760.0 
58.8 
58.6 
59.2 
59.6 



October 
mm 

754.6 
56.5 
57.8 
53.6 
53.2 



Dny" 



Month September. | October. 



1 

2 

:j 

4 



5 











* With freezing point correction. Beduction to Btnndanl gravity = 1.4mm ; llint to meun 
ea level =0.9 mm. 
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Atmospheric Pressoie.* 


Dftil7 Kumber of Enrthqnakes. 


^3;^-- — i?^ September. 


October, 
mm 

58.4 
58.2 


~^y Month ' September. 


October. 




mm 

58.8 
57.8 


n 


7 


ti 1 vr 

7 26* 8 


8 57.5 


57.7 


8 


9 


58.3 


58.9 


9 


5 





10 


58.1 


69.5 


10 


9 





11 


57.8 


59.9 


11 2 ' 


12 


59.5 


60.3 


12 2 


13 


60.0 


62.1 


13 


5 1 


14 


60.0 


62.6 


14 4 ' 


15 59.8 


61.5 


15 


10 58.7 


59.8 


10 


2 





17 


59.2 


58.3 


17 


1 




18 


60.4 


57.7 


18 


5 


19 60.1 


57.8 


19 


20 


59.0 


57.9 


20 


21 


58.4 


56.7 


21 


22 


58.9 


55.6 


22 





23 


59.2 

1 


57.7 


23 


10 


24 i r.0.4 

1 


59.6 


24 


4 

1 


25 ] (51.0 


59.2 


25 


2 




2fi 


59.0 


58.3 


26 


2 




27 


58.4 


59.6 


27 







28 


58.2 


62.6 


28 


1 




29 


58.4 


64.9 


29 







30 


56.8 


04.1 


30 







31 




65.0 


31 






*> X 


1 
t 







h m 



* The 1st shot'k took place nt 2 59 pm., on the 7th. 
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As will be seen from the graphical representations in Fig. 6, 
the variation of the barometric pressure between Sept. 8th and Oct. 
8th (1903) indicates a period of the mean length of about 4.4 
days, its maxima and minima corresponding, on the whole, 
respectively to the maxima and minima of the after- shock 
frequency. 



) 



H 



o 

3 



0) 

s 


00 





tH 


^ 


» 


08 


0^ 


PQ 


• 




o> 


c 


3 


GO 
(1) 


< 


2 


2 


>> 


tH 


•^^ 


>i 


(0 


ti 


Q 


s 


:i-i 









C 










5 

OS 

> 



D5 




.N 



Bukuba 



PL XLV. 



69 & 



600 



670 




686 



6S0 — -I — ill — ^—4 



ers 



Jicm^.I 



7oa 



696 



690 



686 



680' - 



AfttrHil 



Afarch^JJ 



676 




(JT) 



MarokJr 



6.96 



690 



636' 



6SO- 



67 S 



-' l-t. 




O0I.I6 



MtxySI 



1 — ! — \ — r 



i I ; ! ! i 



t f-t-r •-• -I • 



j 



♦ - 4 - ♦ - 



!' ! 1 T 






I I 



I I 



, — « — 



' 1 : * T 

I I it ^ 



If] 
1 ! 



\ 



(W) 



l-r 



I I 

I t 



r 



rhrr 



V 



J i. 



J. 



Pt».30 



Bukuba 



PL XLV. 



69& 



600 



6T0 



696' 



600 — 




680 



675 1 



P€!O.30 



Maps showing the distribution of the Barometric 

Pressure over Japan. 

Fig. 4. March 16, 1900 ; at lO pm. 
Fig. 8- March ZO, 1900 ; at lO pm. 
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Experiments on the Vibration of Brick Columns. 

By 
F. OMOBI, 8c. D. , 

Member of the Imperial Earthquake InTeBtigation Ck)mmittee. 



Vrith Pis. XIJX-LII. 



L Columns. The present note gives an account of the ex- 
periments on the vibrations of five rectangular brick columns, whose 
dimensions were exactly alike, each being composed of 69 layers 
of 4 bricks. (See Fig. 1.) The height was 15 shahu (=495 cm), 
and the sectional area was 45.5 x 22.5 cm. The columns, composed 
of bricks of superior quality of one and the same kind {B:^^% 
#Sfcfija^^ ^*), and fixed to a single large solid foundation of 
concrete specially made for the purpose, had mortars of different 
compositions, as follows : — 

/Column No. I Pure cement. 

No. n .... 1 part of cement, 1 pait of sand. 

No. m.... 1 „ ,2 

No. IV .... 1 „ ,3 

No. V 4 parts of lime, <5 „ 

The columns, arranged in series as shown in Fig. 2, with a 
mutual distance of 50 cm were constructed between Nov. 25 and 
Dec. 18, in 1901. 

2. Bxperiments. The object of the experiments carried on 
three months later, at the end of March 1902, was the determina- 
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tion of the periods of natural vibration of the different columns. For 
this purpose each of the latter was caused to move by being pushed 
or struck with hand once or several times at the top in direction 
Fig. 1. normal to the broad side, being then left to vibrate 
freely and to gradually come to rest. The record of 
motion was obtained by means of a stiff pointer, wliich 
was attached to the top of the column, and to whose 
end was hinged a pen tracing in ink the vibrations on 
a record -receiver mounted on an independent staging 
of timbers. The diagrams obtained in this manner are 
reproduced in Plates XLIX to LIT. The column No. 
V, of lime mortar, was very easily thrown into 
movements of a considerable amount ; while the 
column No. I, of pure cement mortar, could be made 
to vibrate only slightly. Again, it happened almost 
always that, when one of the columns was vibrating, 
the neighbouring ones were also thrown into a stato 
of motion to an appreciable degree. The following 
table gives for the different columns, the maximum or 
initial range (double amplitude = 2a) of motion and 
the period of vibration during the earlier and end 
portions. 

Fig. 2. 

Plan showing the arrangement of tho colamns in series. 




TnTT 



t 



JOCCL 




zms:;: 



£n 






ZHL 






SE 



Brick 

Column. 

(Elevation 

and 

Section.) 




^.. 



1 ^^. . >• .yy^. 



I 







c 



« = 22.5 cm. 
6 = 45.5 
c = 50. 
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No. of 


No. of 
Experiment. 


Initial 

or 

Max. 2a. 


Ayerage Period in the 


Colnmn. 


Earlier part. 


End part. 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 ' 
11 
12 

13 
Mean. 


mm 
0.8 

1.8 
4.3 
4.6 
7.0 
6.7 
6.3 
4.9 
8.0 
8.0 
6.9 
7.8 
5.9 
6.5 

(1 and a excepted) 


sec. 


sec 

0.23 
0.23 
0.24 
0.23 
0.25 
0.25 
0.25 
0.24 
0.24 
0.24 
0.25 
0.24 
0.25 

0.21 








0.24 


I 


0.25 
0.26 
0.26 
0.25 
0.27 
0.27 
0.26 
0.27 
0.27 

0.26 


n 


1 

2 
3 
4 
5 
6 
7 
ilfeoH. 

1 
2 
3 
4 
5 

Jfeaw. 

1 


4.6 

4.7 
5.7 
5.3 
4.5 
6.7 
5.3 

5.3 


0.22 
0.24 
0.23 


022 
0.23 
0.23 


JL 1. 




• 




0.24 
0.23 

0.23 


0.23 
0.23 

0.23 


Ill 


7.1 
6.8 
7.5 
9.5 

8.2 

7.8 


0.25 
0.25 


0.24 
0.23 


• 


0.27 
0.26 

0.26 


0.24 
0.25 

0.24 
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No. of 


No. of 
Experiment. 


Initial 

or 

Max. 2a. 


Average Period in the 


Column. 


Earlier part. 


End part. 


» 

IV 


1 

2 
3 
4 
5 


mm* 
6.5 

8.5 (gjjjra") 

13.0 

16.5 

19.0 

8.5 19.0 


sec 
0.24 

0.31 

0.50 

0.64 

0.62 

0.31—0.62 


sec- 

0.24 
0.25 
0.27 
0.26 
0.26 


1 a.uci«fc. 

1 




V 


1 

2 
3 

4 
5 
6 
7 
8 
Mean. 


6.7 

9.4 

7.6 
17.1 
18.7 
21.5 
24.0 

3.9 
3.9 24.0 


0.42 
0.45 
0.48 
0.62 


0.33 
0.35 
0.36 
0.37 
0.38 
0.41 
0.40 
40 




0.67 
0.77 




0.42-0.77 


0.33—0.41 



The column No. I seemed to indicate a slight lengthening 
of period with the repetition of the vibration experiments. 
Thus, in the experiments Nos.3-8, the period in the earlier part of 
motion varied between 0.24 and 0.26 sec, with the average of 
0.25 sec. ; while in the experiments Nos.9-13, the corresponding 
period varied between 0.26 and 0.27 sec, with the average of 
0.27 sec The period in the later part of motion seems to show 
also a similar, though very slight, tendency. 

The same phenomenon is more markedly shown by the lime- 
mortar column No. V. Thus, during the eight experiments, Nos» 
1-8, the period in the earlier part of motion successively 
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increased from 0.42 up to 0.77 sec, while the period in the later 
part of motion increased from 0.33 up to 0.41 sec. 

The lengthening of the vibration periods of the columns with 
the repetition of experiments is probably due to the formation of 
microscopically fine cracks at the joints and through bricks, 
which is equivalent to diminishing the elastic moduli of the 
columns without changing the mass. 

3, Vibration of columns Nos. I-IV. From the above given 
table, it will be seen that the ranges (double amplitudes) of 
vibration of the different columns, although not caused by exactly 
one and the same amount of force, were nearly alike, the mean 
values varying between 5.3 and 8.5 mm. Half of the last-named 
limit of range of motion, which fractured the column No. IV, is 
to be taken as being the displacement at the top of the columns, 
which may break the latter at the base. 

Again, the periods of vibration of the four columns under 
consideration were practically identical with one another, varying 
in the earlier, or largo amplitude, part of motion only between 
0.23 and 0.26 sec, and being in the later or end part between 
0.23 and 0.24 sec This uniformity of motion is quite contrary to 
what we should be led to expect ; as the columns Nos. I, II, HI, 
and IV, whose mortar composition varied from pure cement to 
1 part of cement and 3 parts of sand, might be supposed to 
execute vibrations, of which both amplitude and period increase 
in proportion to the quantity of the sand mixed in the mortar. 
The apparent paradox can only be explained on the assumption 
that in each of the four columns, the mortar was much stronger 
than the bricks themselves and behaved as if it were practically 
incompressible, the result being that we got, in these experiments, 
only the vibrations due to the bricks, and not to the joints. It thus 
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seems that in brick works a mortar of 1 part of cement and 1 
to 3 parts of sand is as good as that of pure cement. 

4, Vibration of column No. V. The column No. V of lime 
mortar, was thrown, without being broken, up to a vibration of 
24 mm, which is nearly three times the maximum motion in the 
cases of the other columns. This was evidently on account of 
the inferior quality of the mortar, in consequence of which the 
elasticity of the bricks themselves did not, in the vibration of the 
column, at all come into play. Another remarkable feature in the 
motion of the column No. V was the great length of the vibration 
period, whose maximum value was 0.77 sec. The difference of 
the period of vibration for larger amplitude from that for smaller 
one ranged in the seven experiments, Nos.1-7, from 0.09 sec. 
to ?>:37 sec. From experiments like these we can readily imagine 
how a tall brick chimney with bad mortar will be thrown, on the 
occasion of a violent earthquake, into slow oscillations of considerable 
amplitude. 
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